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A VIATION ENGINEERING is published 
J\ as a source of non-biased and authorita- 
tive information on the design, manufacture 
and operation of aircraft, motors and acces- 
sories. Articles by leading engineers and in- 
dustrial specialists appear in each issue and 
cover the problems encountered by the indus- 
try — the uses of materials and parts — produc- 
tion — aerodynamics — machinery — repair- 
ing and testing — airport operation and main- 

Some of the particularly valuable articles, ap- 
pearing in the next few issues are 

AIRCRAFT METALLURGY 

By Horace C. Kneet 
FLOTATION GEAR FOR AIRCRAFT 

By £. B. Moore 

Characteristics of an autogyro 
B y H. Glauerl and C. N. H. Lock 
Aircraft Steel problems 

By F. T. Sisco 

They'll be good. Don't miss them. 


“AVIATION ENGINEERING” 

— NOT sold on newsstands — 

(See Coupon Below) 


* 
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Now touring the country — 
this GIANT OF THE AIR! 




T he PATRICIAN, Keystone’s great 
tri-motored Transcontinental Air 
Liner, is flying the airways of the 
country on a tour of demonstration 
from the Atlantic to the Pacific and 
return. Stops are being made at nu- 
merous airports along the way. Cour- 
tesy flights are being given to trans- 
portation executives, city and state 
officials, business men and others so 
that all may witness the unmatched 


Follow the tour of the Patrician! 

KEYSTONE 


Watch the newspapers for the arrival 
of the Patrician in your locality. Plan 
to see and to fly in the largest, safest, 
swiftest, overland transport — the mas- 
ter product of the Keystone Aircraft 
Corporation, leading producers of 
multi-engined planes. 

The Patrician will be installed in reg- 
ular operation on several important 
transport lines this summer. A pro- 
duction schedule is now under way. 


performance of this great 20-pas- 
senger monoplane transport. 


KEYSTONE AIRCRAFT CORPORATION 

Sales Dept . — ; 1 st Street and East River, New Yorlc 
Plants — Bristol, Penna., and New York City 





W HEREVER IT 
flies, the tri- 
color star of The 
Glenn L. Martin Com- 
pany signifies to the ex- 
perienced observer en- 
gineering supremacy, 
fine workmanship and 
unremitting care or— in 
one word— depend- 
ability. 

THE GLENN L. MARTIN 
COMPANY 

Builders of Quality Aircraft since 1909 
BALTIMORE, MARYLAND 



Mius A he Reasons 


For Fxioe Aircraft Ratteries 


. . . millions of 
miles of successful 
flying service 



T HE mail plane gets -there . . . fair weather or foul. Steadily, 
mile after mile of flying is piled up. And every mile that many 
of these planes fly is another good reason for Exide Aircraft 
Batteries. 

These batteries were especially designed to give dependable 
service and have proven themselves . . . supplying current for 
starting, navigation and landing lights, and for radio. They were 
designed by engineers with forty-one years of battery-building 
experience behind them . . . designed to render maximum service 
with minimum weight. 

Not only in mail planes, but in long flights and daring ventures, 

Exide Aircraft Batteries have shown their unusual worth. They 
flew round the world, across the Atlantic, 
across the Pacific. And now they are being 
used exclusively on the Byrd Antarctic 
Expedition. A letter will bring full informa- 
tion on various types of Exide Aircraft 

AIRCRAFT BATTERIES Batteries 

THE ELECTRIC STORAGE BATTERY COMPANY, Philadelphia 

Exide Batteriet of Canada, Limited. Toronto 


Exibe 
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Boeing leadership was 
first established in the building of j 

, military aircraft A. background of many j 

£ years’ experience in the , 
building of military aircraft is one of the leading factors contribut- 
ing to Boeing dominance in the airplane industry today. Since J 
1921— when the government awarded Boeing the largest indi- 
vidual contract for military airplanes following the war— 
Boeing designs have set the pace on single seater fighters. 

They are now standard pursuit equipment for both U. S. 

Army and Navy air forces ' ' * Boeing commercial planes 
embody the same skilled workmanship— reflect the same 
sound engineering design — are built entirely from 
materials fulfilling all government specifications. 

Boeing Airplane Company ■ • Seattle, U. S. A. 
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CURTISS 

Challenger 

ENGINES 

are Completely 
Equipped with 

SRB 

BALL 

BEARINGS 


T HE Curtiss Challenger Engine 
developing 170 H. P. at 1800 
R.P.M. is equipped with SRB Ball Bearings on the 
crankshaft, propeller shaft and in the rocker arms. 
The rocker arm bearings are of the special SRB Lubri- 
SEAL Aviation type. This type bearing is also used 
in other famous aviation engines including Wright, 
Pratt & Whitney, Warner. 
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' Larvia paves the way 

into and out of the sky 


At DAYTON 


F LIERS in and out of Dayton are enthusiastic about 
the ease with which take-offs and landings are made 
at this modern airport. The smooth, resilient, mudless, 
dustless, frost-proof, non-skid Tarvia runways are safe 
in any weather. 


fff 0 effort has been spared to 
■*- v make the Dayton Airport 
{upper left) one oj the most modern 
and complete airports in the coun- 
try. The photo above shows the Tarvia 
apron facing one o] the Dayton 


For more than a quarter of a century Barrett engineers 
have been experimenting — working — accumulating in- 
formation on all phases of pavement engineering. Their 
experience has taught them how to utilize local ma- 
terials — how to cope with local difficulties — to effect 


real savings. 


Airport engineers will find this information, accumu- 
lated from first-hand experience in road building, of 
definite value to them in the solution of their problems. 


The Tarvia man will be glad to discuss details with 
you. Phone, write or wire our nearest office. 



For Road Construction 
Jtepair and Maintenance 
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Only Qenuine 

MEYROWITZ LUXOR GOGGLES 

have these features that aviators demand 


MEYROWITZ LUXOR GOGGLE 
U.S. Air Service Model No.7 


All genuine Meyrowitz Luxor Goggles have the name 
"Meyrowitz” stamped on the metal frame. Be sure you get 
the genuine — don’t accept substitutes or imitations. If you 
have difficulty obtaining them, write us direct, see price list 
at left or send for illustrated catalog. 
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for you 

who want the 

profits of protects 




<yC NV 

y lasting protection 


5 

daring 
tests prove 
PAGE 

COPFFRWELD 

combines 



Hammer it 





Page COPPERWELD fabric requires 
no painting — lifetime service 

Protected by a molten-welded pure copper exterior. Page Copperweld 
combines the long-lasting service of copper with the strength of steel. 
No painting — reduced maintenance — continued strength that assures 
positive protection. Proved by a decade of use. 53 Service Plants 
erect fence everywhere. The coupon brings name and 
address of a Page Service Plant near you. Write 
today. Page Fence Association. 2 1 1 N. Michi- 
gan Avenue, Chicago. Illinois. 


CIAIN L'mc 

zr™ JT JILXaJ^Jw 
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Aircraft Magnetos 

ARE 

Standard Equipment 

ON 

Aircraft Engines 

Built by 

WRIGHT AERONAUTICAL CORP. 

PRATT & WHITNEY AIRCRAFT CO. 
CURTISS AEROPLANE & MOTOR CO. 
and other well known engine builders 

Scintilla Aircraft Magnetos are 
selected because of their 
Accessibility Simplicity 



Dependability 

SCINTILLA 

Parts Dealer Service Stations 



SCINTILLA MAGNETO CO. Inc. 

|i SIDNEY - NEW YORK 


THANK 
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THE NEW PAN-AMERICAN COMMERCE 

Into a land where transportation has been typified by 
the ox-cart, Pan-American Airways has brought the 
spirit of aviation. 

The pioneer flight of Colonel Charles A. Lindbergh to 
Panama in a “Wasp” powered Sikorsky Amphibian, has 
opened up the wonderland of the West Indies and 
Central America. Travellers from the North, pleasure 
bent, or in the interests of commerce, now have 
available swift and comfortable transportation to this 
land rich in natural resources and historical interest. 

As the West Indian traveller boards the giant Fokker or 
Sikorsky plane at Miami, he is sure that he is flying with 
the best possible equipment. The combination of multi- 
engine security with Pratt and Whitney dependability 
insures arrival at the destination in schedule time. 


PRATT ii WHITNEY AIRCRAFT CO. 


THANK YOU lot 
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Harry S. New 

T HE fundamental principles along which it is 
planned to develop a new business are of major 
importance. Details can be worked out to perfection, 
but if the foundations are unsound failure is sure to 
follow. Conversely, if the foundations have been cor- 
rectly laid the business will prosper in spite of im- 
perfect details. This is the reason that executives 
who have a successful record for laying down and 
following out sound ideas, receive rewards which 
seem to many to be out of line with the work which 
they have actually done. 

In the development of our air mail we have been 
fortunate in having in the Post Office Department 
men of vision who could see in it a great stimulus to 
commerce, and who had sense enough to direct its 
development along sound lines. Postmaster General 
Harry S. New, who retired on March 4, was one of 
these leaders. During his tenure of office certain 
moves were made which will have a permanent effect 
on the development of the air mail, and from all 
present indications the moves were made along very 
sound and progressive lines. In the first place, the 
flying of the mail has been transferred from the 
Government over to private contractors. Further, a 
scheme has been worked out which will permit a 
satisfactory contractor to hold his contract for as 
long as he performs satisfactory service. 

The extension of our air mail service to South 
America will, however, stand out as the most im- 
portant achievement of Postmaster New’s regime. 
He has been the moving power behind this develop- 
ment and it is probable that, without his influence 
and energetic backing, this service would have gone 
by default, and would have been taken over by foreign 
countries. The air mail service to South America 
should be an enormous benefit to our trade, and will’ 
be worth more than the cost of the whole air mail 
development to date. Postmaster New can retire with 
the feeling that he has done something of real benefit 
to his country. 

Nosing Over 

T HE coming spring days mean mud on the flying 
fields, and deep sticky mud on the fields mean that 
planes are apt to nose over. Nosing over may mean really 
serious damage to the plane and injury to the passengers. 
Nosing over is probably an even more frequent cause of 
damage to planes than running into obstacles. To some 
extent nosing over can be prevented by putting the wheels 
far forward but this means that great stresses are put on 
the tail skid and that it is hard to raise the tail for the 
take off. 

Various schemes have been tried, varying from the 
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early Wright skids to a series of wheels placed one in 
front of the other. None of these schemes has so far 
been widely accepted and we still retain the wheels and 
tail skid arrangement, probaly due to its simplicity. There 
is a real field for development work in this direction. The 
present day wheels offer a very great head resistance. 
Tail skids dig up the field and put undue stresses on the 
fuselages. The angle at which a plane can be landed is 
distinctly limited by this factor and by the difficulty of 
getting the tail up for the take off. With so many factors 
against the present type of landing gear it is more than 
probable that the planes of the future will not have the 
present day undercarriages. 


Passenger Pilots 

A MERICAN air mail pilots are as fine a group of 
fliers as can be found anywhere in the world, but 
this does not necessarily mean that they can be trans- 
ferred to passenger transport planes without a certain 
amount of training. The air mail pilot at the controls 
of a transport plane sometimes does not realize the 
feelings of the passengers inside the cabin, or he may 
even be inclined to take advantage of his situation 
and treat his passengers to a “ride.” 

On a recent flight across the continent in a combina- 
tion mail and passenger plane we suddenly found our- 
selves in a very steep side slip, and the plane finally 
came out about a hundred feet over a cemetery. The 
pilot thought this a great joke, but we in the cabin 
failed to see any humor in the maneuver until some 
time after it was over. Later we were informed that 
the throttles on two of the engines had stuck and that 
the switches had had to be cut in order to make a 
landing. Also we were informed that the engines 
were consuming far too much gasoline and that there 
seemed to be something wrong with them. Later on 
in the flight one of the pilots practiced blind flying. 

Several of the pilots handled their planes rather 
roughly, putting them into vertical banks before land- 
ing or in taking off, or zooming them suddenly and 
unnecessarily. All this occurred on one trip and in 
the normal handling of a plane by a mail pilot. Prob- 
ably none of the pilots considered that their flying was 
of a nature to disturb a passenger, or if they did, they 
may have considered that they had a right to fly as 
they wished. The selling of flying to the public, how- 
ever, is not going to be an easy matter, and one of 
those things which will have to be considered is the 
eliminating or mitigating of sensations which might 
inspire fear in the passengers. To instill this idea into 
the minds of pilots who have learned the joys of stunt- 
ing and who have been flying as they pleased for ten 
years or more will be a bit difficult, and certain pilots 
will never learn how resentful a passenger feels when 
a cabin plane is handled roughly. 
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Spark Plug Problems^ 


The Relation of Heat Characteristics 
to Operating Conditions 
By Hector Rabezzana 

Chief Spark Plug Development Engineer, 

A. C. Spark Plug Co. 



W HEN a spark plug performs unsatisfactorily it 
is often due to use of a plug intended for an- 
other type engine, or a different operating con- 
ditions. No matter how good a spark plug may be, it will 
not give satisfactory service if it is of the wrong type. Gen- 
erally the public fails to realize that there is a lot of differ- 
ence between spark plugs — not only in the quality of the 
material and workmanship used in their manufacture, but 
also in the heat characteristics of the plugs themselves. 

Spark plugs face three problems, pre-ignition, rapid 
wearing away of the electrodes and fouling. Pre-ignition 
is the result of the plugs becoming red hot and firing a 
mixture too early, causing pinging and a sharp decrease 
in the engine’s power. The fast wearing away of elec- 
trodes results from the plugs operating at too high a 
temperature. The fouling of a plug is due to two causes 
— liquid fuel and oil reaching the gap and combustion 
deposition over the insulator. 

Fouling trouble, due to oil or liquid fuel, very rarely 
occurs in present-day engines, and when it does appear 
it is generally referred to as "an engine pumping oil.” 
Not only will there be trouble under such a condition, but 
also valve trouble and excessive carbon deposition. Even 
clean oil will cause trouble through 
softening the carbon on a plug that may 
be slightly carbon coated. Also a new 
plug can be short-circuited by oil 
splash in which floats a small amount 
of carbon and metallic dust. New oil 
before it has been placed in the crank- 
case and become impregnated with car- 
bon is a non-conductor of electricity, 
but as soon as it becomes filled with 
carbon, it is then a conductor of elec- 

The black coat of so-called carbon 
which forms over the insulator of a 
plug is the result of too low operating 
temperature for that plug. When the 
engine reaches a higher temperature, 
the insulator also will raise its temper- 
ature and automatically burn away the 
carbon which has piled up during the 
cold running period. But, on the 
other hand, if the temperature reaches too high a point, 
it will cause the plug to pre-ignite, or cause detonation. 
These limits of temperature are all worked out by the 
physical dimensions of the part of the insulator which is 
exposed to the combustion gases and the overall design 
of the plug. 

If the insulators of the plugs become a brownish color, 
this coat usually has an iron-oxide base, and when this 
coat darkens in color, because it becomes thicker, it is 
advisable to change plugs, as they will cause missing at 
wide open throttle. 

If a spark plug develops leakage between the shell and 



the porcelain, the insulator cracks, or the electrode wires 
wear out too fast, this is a sure sign that the plug used 
becomes too hot in that engine. A plug made to run 
cooler has to be used, as will be explained in the second 
part of this article. It is almost impossible to get one 
type of plug to meet the requirements of different en- 
gines, or the different conditions under which the same 
engine may be used. 

The spark plug, aside from its service as an igniter, is 
the only part of the engine that, with visual inspection, 
can give an exact diagnosis of the condition of the en- 
gine. Let’s analyze a few of them. 

If a new set of plugs is installed in an engine, and after 
a few hours of running, without any excessive idling at 
the end of the run, the plugs are removed and examined, 
and show a black coat, this will indicate that the type of 
plug used is too cold for that engine. These should be 
changed for ones with long insulation, which will allow a 
lower temperature working range so the carbon will burn 
away, thus preventing the plug from becoming fouled. If 
the plug shows a very white insulator, after a few hours 
of running, this type of plug is too hot, and it may cause 
preignition. In this case a plug with a shorter insulation 
should be used. 

In setting the carburetion, use a spark plug that is 
known to work right, and if the insulator stays white 
after a few hours of running, it means that the carbure- 
tion is too lean and back-firing in the carburetor may 
happen very easily. If the plug reaches a brown color 
with black spots after a few minutes’ run, that means 
that the carburetion is too rich and it will have a tendency 
to foul the plug quickly. If the porcelain becomes a 
dark brown color in a very short time and everything 
else in the engine appears to be all right, including car- 
buretion, most likely the fuel used should be discarded 
if possible, because not only the plugs will be short-lived, 
but this fuel will also cause the engine to deteriorate. 

In altitude flying or on every long hops, the spark 
plug gaps have to be reduced in size to prevent flash- 
over on the outside of the plugs. If the wearing of the 
electrodes is not due to excessive engine temperature, 
or to long use of plugs, it is always traceable to poor 
fuel. Fuel with a high percentage of sulphur should not 
be used, because it may cause the electrodes and valves 
to become corroded so quickly that it may put an end to 
a flight in an unreasonably short time, due to the failure 
of either the electrode wire or the valves. 

Lubricating oil also has to be watched in order to 
avoid the same trouble because the sulphur content may 
produce sulphuric acid when combined with water, either 
as a result of condensation or combustion residue. In 
this case the inside of the engine, especially the bearings, 
will suffer considerably. 

When we once learn how to judge engine conditions 
from analysis of the plugs, it is easy to avoid trouble by 
choosing the right plug for a given job. 
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Of the various characteristics of the ignition spark, 
its appearance, that is, its fatness, color, etc., does not 
determine its ignition value. It is not possible to add 
to the power of an engine by adding condensers, re- 
tardation coils, auxiliary gaps and the like to the ignition 
system. This statement must be taken as referring to the 
spark, and not to the spark plug, for it is well known 
that the use of an improper type of spark plug may cause 
pre-ignition, and old and fouled spark plugs may cause 
missing and resultant loss of power. 

The spark plug, being exposed to the burning gases 
at its lower end, absorbs an amount of heat proportional 



absorbed must pass off through the scat of the plug, but 
enough should be retained to always keep the plug at a 
sufficiently high temperature to prevent fouling, as will 
be explained later. 

Fouling depends mainly on the temperature of the plug, 
as can be demonstrated by means of the apparatus shown 
in Fig. 1. Rods of different materials, with holes for 
thermo-couples in them at definite intervals, are heated 
in this apparatus, and oil is dropped on the side which 
is exposed to room temperature. The rod is inclined at 
such an angle that the oil will flow along it. I f the fur- 
nace is maintained at 900 deg. C., the oil will begin to 
carbonize at a certain point along the rod, and will burn 
off at a point nearer the furnace, where the temperature 
is still higher. The points where carbonization and burn- 
ing begin vary with different oils, but the differences are 
slight. If the rod is of a material of high heat-conduc- 
tivity, the temperature gradient will be less and the carbon 
deposit will extend over a considerable portion of the 
length of the rod, within which there may be several 
thermo-couples. 

The above test shows the desirability of keeping the 
insulators of spark plugs at a temperature high enough 
to burn away the carbon, because carbon is a good con- 
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ductor of electricity and when covering the end of the 
insulator will short-circuit the plug and cause missing. 
This is the reason why there is a limit to the so-called 
“coolness” of a plug. If a plug is so designed that it 
cannot hold enough heat to reach a temperature that will 
enable it to burn the carbon, it will give trouble from 
fouling. It is for this reason that a racing plug, which 
is designed to take care of abnormal heat, will make a 
very poor showing in a commercial engine, where it will 
cause fouling trouble. 

I f thermo-couples are set into a plug designed to receive 
them (Fig. 2) in such a way that the temperature of the 
hottest part of the plug when the engine begins to pre- 
ignite can be read off, and the test is carried out with the 
various fuels on the market, the experiment will enable 
one to determine the temperatures which mark the limit 
of usefulness of the plug with the different fuels. 

Preferably the plug should always be hot enough to 
burn any carbon that may be formed, but not hot enough 
to cause pre-ignition. Unfortunately the temperature 
range marked by these two limits is comparatively nar- 
row — only about 350 deg. C. — which explains why plugs 
may easily cause trouble. 

By referring to Fig. 3 it can be seen that the heat ab- 
sorbed by the plug at its inner end, passes from the end 
of the center wire through the tip of the insulator, the 
body of same, the seat gasket, the spark plug shell, and 
the plug gasket into the cylinder wall and the cooling 
water. The threaded portion of the plug conducts only 
a negligible portion of the heat absorbed, and practically 
all of the heat must pass through the seat. There are 
numerous factors which tend to cause the temperature 
of the plug to cary, these including: Engine revolutions 
per minute; load on engine; cooling water temperature ; 
engine temperature; kind of fuel; spark advance; air 
fuel ratio; air humidity; temperature of air around plug; 
draft around exposed part of plug. 

Considering the difference in 'engine revolutions per 
minute by using either cruising speed or top speed it is 
easy to see that the same plug cannot at the best be used 
in both cases. 

Fig. 4 shows plugs of different designs, with paths of 
heat flow of different lengths, and illustrates how, by 
varying the resistance to heat flow, especially in the in- 
sulator, the working temperature of the plug can be 
controlled. 

To meet aviation requirements the AC Spark Plug 
Co., besides the aviation line already in the market 
for many years, has developed a set of plugs shown in 
Fig 4. With this set of plugs it is possible to take care 
of any aviation engine now in the market. This line of 
pjugs is so designed that each member of it will, under 
given engine conditions, keep slightly cooler than the one 
which follows. Each plug is identified by a number and 
the higher the number the better the plug is adapted for 
use in a cool engine. 
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The ^Cabinaire Bi plane 

Four Place Cabin Craft Produced by Paramount Aircraft Corp. Is 
Designed Around the JFarner “ Scarab " F.ngine 


T HE “Cabinaire” biplane, which is now being pro- 
duced by the Paramount Aircraft Corp., Saginaw, 
Mich., is one of the first airplanes to be designed 
around the Warner “Scarab” engine. This craft, 
which is intended for private use and operation 
over mail and express feeder lines, is a four- 
place, cabin biplane. It is the result of more 
than a year of development and test flights and 
has given proof of high performance and other 
qualities. Although the Warner engine is the 
tandardized power plant for this plane, other 


engines up to 200 hp. 

With the Warner engine, 
which develops 110 hp. at 
1850 r.p.m., the Cabinaire 
has a high speed of 103 
m.p.h., a cruising speed of 
90 m.p.h. and a stalling 
speed of 38 m.p.h. The 
rate of climb at sea level is 
750 ft. per min. and the 
service ceiling 12,000 ft. 
The plane as an upper wing 
span of 34 ft. 8 in., a lower 
wing span of 29 ft., an 
overall length of 23 ft. and 
a height of 9 ft. The 
weight empty is 1,300 lb. 
and the total weight loaded 
2,208 lb. 

In general design the 
"Cabinaire” is representa- 
tive of the single bay cabin 
biplanes which have found 
increasing favor during the 
past year. The lower wing 
panels are attached at the 
lower fuselage longerons, 
and the upper wing, which 


be installed. 


is in two panels, without a center section, is attached by 
cabane struts to the fuselage. The usual “N” type inter- 
plane struts with external bracing wires are employed. 
During the design period wind tunnel tests were 
conducted at the Massachusetts Institute of 
Technology. 

Solid laminated spruce spars are used in the 
wing structure with web ribs and a duralumin 
trailing edge. Square Hartshorn tie rods, 
doubled in the first bay, are employed in the 
internal drag bracing. Balanced ailerons are 
used with construction similar to that of the 
wings. The wing i: 





ered with Flightex fabric 
and doped. Wiring for 
landing a n d navigation 
lights is provided. The air- 
foil section is original and 
produces a good combina- 
tion of rapid take-off and 
low landing speed. In tests 
the plane has taken off fully 
loaded in 150 ft. and landed 
with the use of brakes in 
50 ft. 

Conventional welded 
steel tubing and fabric cov- 
ering is employed in the 
fuselage construction with 
a special finish which pro- 
duces a high luster and ex- 
treme smoothness. A 1 1 
welding of the fuselage 
structure is done in jigs to 
prevent twist, contraction, 
or loss of alignment at any 
point on the fuselage. 
Openings in the welding 
are sealed to prevent in- 
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ternal oxidation. In order to prevent weakening of 
members, no drilling whatever is done on the fuselage 
structure. The tail surfaces also are built of the same 
materials and adequate external bracing is provided. The 
detachable engine mounting also is built of welded steel 
tubing and aluminum cowling of 0.040 weight is em- 
ployed. A firewall containing sealed felt pads prevents 
smoke or engine odors from passing through to the cabin. 

The roomy cabin presents a clean interior appearance 
and nothing but the nickel plated control stick, and two 
sets of pedals and the instruments are visible. An in- 
directly lighted consolidated instrument panel containing 
altimeter, tachometer, oil pressure and oil temperature 
gauges, is provided. Two wicker chairs are installed in 
the forward portion of the cabin and a full width wicker 
settee is placed in the rear. Behind the settee is a baggage 
compartment of ample capacity. Window moulding and 
dash board sets are of mahogany and a mohair rug is 
furnished for the floor. Doors are provided on both 
sides of the cabin. Special attention has been paid to 
visibility. The windows in front are glazed with Pitts- 
burgh Security Non-Shatterable glass and Triplex is 
used in the side windows. 

Dual control is provided with a single control stick 
and the patented brake control consists of two small levers 
mounted on the control stick. A slight pressure on either 
or both of these levers actuates the Bendix brakes. The 
advantages of this arrangement are that the brake con- 
trol is not in the way at 
any time but easily ac- 
cessible when needed 
and the feet are left 
free to manipulate the 
rudder. A control for 
the stabilizer adjusting 
mechanism is also lo- 
cated near the pilot’s 
seat. Push-pull tubes 
are used through the 
control system with the 


exception of the rudder cables which lead directly aft. 

All connections between the plane and the power plant, 
including the throttle rod, are fitted with vibration joints. 
Gasoline tanks, manufactured by the Paramount Tank 
Co., and installed in each of the upper wing panels, have 
a combined capacity of 42 gal. and give the plane a cruis- 
ing range of 465 mi. Tanks may be taken out for inspec- 
tion by the removal of two turnbuckles. Fuel is fed by 


Interior photographs of 
Paramount plant. 

Top: Wings being built 
in the wood working 
department. 

Center: A completed 

"Cabinaire" fuselage 
structure. 

Bottom: Welders at 

work building up a fu- 



gravity through Jg in. copper tubing to the engine by 
way of a selective Lunkenheimer valve which permits 
use of the tanks separately or together. The oil capacity 
is four gallons. An exhaust ring located behind the en- 
gine is connected to a combination muffler and cabin 
heater. A Standard Steel propeller is furnished as regu- 
lar equipment and a self starter is optional. 

The landing gear, which is of the split type, is sturdy 
and has a tread of 7 ft. 6 in. The axle is located 21 in. 
ahead of the center of gravity. Standard equipment in- 
cludes Aerol shock absorber struts 28 x 4 Bendix wheels 
and brakes with 30 x 5 tires. All hinge connections 
of the undercarriage at the fuselage are designed to pro- 
vide a means of substituting pontoons. A spring tail skid 
is provided with a replaceable manganese steel shoe. 


The manufacturer’s specifications a 

Span, upper wing 

Span, lower wing 

Total wing area, including ailerons. . 

Height 

Length 

Landing gear tread 

Weight empty 

Total weight loaded 

Gasoline capacity 

Oil capacity 

High speed 

Cruising speed 

Landing speed 

Rate of climb at sea level 

Service ceiling 

Cruising range 


follows 

34 ft. 8 in 

29 ft 

322 sq. ft 

9 ft 

23 ft. 9 in 

7 ft. 6 in 

1300 lb 

2208 lb 

42 gal 

.103 m.p.h. 

90 mp.h 

38 m.p.h 

.750 ft. per min 

12.000 ft 

46S mi 




Systematizing an 
Aviation 
School 


By Charles E. Planck 


T HROUGH three years of operation in the flying 
school business, the Embry-Riddle Co., Lunken Air- 
port, Cincinnati, O., has realized the imperative need 
of a rigid system of instruction both in ground school 
and flying school. Without such a system the school 
easily slips into the haphazard, and the' airport gathers a 
crowd of loafers, most of them unable to take training, 
but willing to sit for hours and watch planes fly. 

In planning the system which now obtains in the 
school, Robert L. Rockwell, Major Air Reserve, formerly 
in the Lafayette Escadrille, the head of the school, and 
Walter H. Cunyus, chief ground school instructor, con- 
sidered one important matter first. 

This concerns the willingness of the student to apply 
himself and assimilate the lessons in ground school and 
in actual flying instruction. Sometimes the discipline 
necessary with large groups of students approaches that 
necessary in a military school. Particularly in ground 
school classes, where for six weeks, five nights a week, 

me tor explaining a few points 
before going aloft. Upper right 

The front and back of a student 
progress card. 


they must study, is this 
discipline very rigid. 

Whether students 
learning to fly would 
voluntarily accept such 
restrictions was a ques- 
tion, but it was found 
that most of the class 
were so intent on pre- 
paring themselves for a career in aviation that they were 
willing to study and study hard. The length and scope 
of this course is indicated by the following outline of 
the first course of 1929: Lecture — (1) Jan. 7, De- 
partment of Commerce rules and regulations ; (2) Jan. 8, 
Aeronautical Nomenclature; (3) Jan. 9, Aerodynamics- 
resistance, shapes; (4) Jan. 10, Aerodynamics— lift, air- 
foil, design; (S) Jan. 11, Aerodynamics— complete air- 
plane; (6) Jan. 14, Aerodynamics— stability ; (7) Jan. 15, 
Aerodynamics — performance; (8) Jan. 16, Aerodynamics 
—stresses, practical flying ; (9) Jan. 17, Air- 
M a student plane Construction — materials; (10) Jan. 18, 
Airplane Construction — fuselage, wings,etc. ; 
(11) Jan. 21, Airplane Construction — con- 
trols; (12) Jan. 22, Airplane Construction — 
dope and fabrics; (13) Jan. 23, Airplane 
Construction — wires and cables; (14) Jan. 
24, Airplane Construction — rigging, general 
repair; (15) Jan. 25, Propellers; (16) Jan. 
28, Review and Examination; (17) Jan. 29, 
Power Plant — theory; (18) Jan. 30, Power 
Plant — theory; (19) Jan. 31, Power Plant — 
parts; (20) Feb. 1,, Power Plant — valves; 

(21) Feb. 4, Power Plant — carburetors; 

(22) Feb. 5, Power Plant — lubrication and 
oil; (23) Feb. 6, Power Plant — ignition; 
(24) Feb. 7, Power Plant — ignition; (25) 
Feb. 8, Power Plant — water cooled engines 
(OX-5); (26) Feb. 11, Power Plant — air- 
cooled engines (Wright, Velie and P. & 
W.) ; (27) Feb. 12, Power Plant — installa- 
tion and inspection, etc.; (28) Feb. 13, 
Meteorology; (29) Feb. 14, Navigation,; 
(30) Feb. 15, Aerial Photography and 
Mapping; (31) Feb. 18, Review and Ex- 
amination; (32) Feb. 19, Examination. 

Lessons are assigned and printed copies 


distributed the night before, and are discussed and de- 
veloped during the class period. Each lesson averages 
ten pages of single-spaced typewritten material, and one 
or more pages of illustrations. Following each lesson 
are printed about a dozen questions, conveniently arranged 
to facilitate review. Mr. Cunyus holds a short review at 
the beginning of each lesson on the important features 
of preceding lessons, and at the close of the course a 
general review. 

After successfully passing this course a student can 
pass the “paper" examination for a transport pilot’s 
'■cense. Illustrations of each lesson, while they are in- 
cluded on one or two pages of the lesson itself, are 
produced on the blackboard during the lesson study. They 
are still available for study after the lesson is completed, 
on the written lesson sheets. A room for ground school 
seating 75 is used, and classes begin nightly at 7 :30. The 
above schedule was for the first 1929 ground course. 



Above: Reproduction of the appointment sheet used 
by Embry-Riddle, and a log sheet for recording daily 
flying time of all planes. Below: A student about to 
be sent solo by the instructor. 
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For flying instruction a second rigid program is main- 
tained. The school department, co-operating with the 
operations department, makes the best use of planes avail- 
able, and every action of the student is watched, while 
he is getting in his solo time. The overseeing is done by 
an “alert” pilot who sits in the operations office on the 
second floor of the office building, and who reports to 
the school department any eccentricities of the soloing 
student which need correcting. 

A lineman receives the planes each morning from the 
hangar after they have been inspected and checked by 
mechanics. The student and his instructor are assigned to 
specific planes by cards issued from the head of the school 
or school secretary for dual instruction training. This 
card must be presented to the lineman before the plane 
is released. The lineman then records the time of take-off 
and landing of each plane, naming instructor and student, 
or student in case of solo flying. 

The lineman is responsible for knowledge of the where- 
abouts of all planes under his control. He checks fre- 
quently on all planes on the line and reports any that 
are unduly absent from the fiield. He also reports flying 
of any character on the part of any solo student not 
permitted by school rules, as well as infractions of air- 
port and flying rules by any instructor. 

His vigilance, together with the watchfulness of the 
''alert" pilot in operations office, prevents any risky flying 
on the part of “cocky" students. A school rule requires 
that students gaining solo time fly within gliding distance 
of the field and only over the large flat fields of the Little 
Miami valley stretching many miles east of the field. 

The school policy is to check every solo student every 
two hours for the first 20 hr., and subsequently every 
five hours. This checking is made more frequent at the 
suggestion of the “alert” pilot, who frequently is assigned 
to this job. Instructors are regular air mail pilots em- 
ployed on the C. A. M. Route 24 operated by the Company. 

OX-5 powered Waco training planes are used. Because 
of the possession of a large number of new engines of 
this type, and the standardized system of equipment, 
together with the low original and upkeep cost, the school 
is able to keep its instruction financially within reach of a 
great number of students. Several engines are kept 
ahead, overhauled and ready for installation in training 
planes. There is never any delay in this respect. Engines 
are overhauled every 100 hr. 

An extra ignition switch in the front cockpit and re- 
movable control sticks are being installed in all instruc- 
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tion planes. These two features give the pilot complete 
control of the plane at all times, and he is not required 
to depend on the immature judgment of a new student 
in emergencies that might result in crashes. The remov- 
able stick is of the type that is operated from the front 
cockpit by means of a wire, which, when pulled, entirely 
disconnects the stick in the pilot's or student’s cockpit. 
The switch is considered valuable in taxiing where the 
instructor is sometimes at the mercy of a green student. 

The operations department has estimated that one plane 
in the winter time can take care of the instruction needs 
of five students. During summer flying one plane will 
take care of 15 students. The difference results from 
the added maintenance difficulties in water cooled engines 
in cold weather and the much longer “flying hour” day 
that results in summer, the latter reason accounting for 
most of the difference. 

A night maintenance crew at the hangars is working 
throughout the summer, and a plane incapacitated on the 
afternoon of one instruction day is ready for the air the 
next morning. This method facilitates service, and pre- 
vents delays in instruction pro- 
grams. The longest and most 
complete course offered in the 
school is the 200 hr. course, 
which turns out a transport 
pilot. For the pilot who de- 
sires to cut his training 
period down to a minimum 
this is the course advised by 
the school heads. Upon gradu- 
ation the pilot is capable of 
handling any type of plane 
and qualified to fly passengers 
or express anywhere. In this 
course the usual training of 
the advanced course is sup- 
plemented with a long tran- 
sition period, with flying time 
on a great variety of plane 
types. 

Heads of the school, and 
school representatives who 
meet prospective students are 
instructed to emphasize the 50 
hr. or "advanced” course. 

The company has realized the 
imperative need of pilots, and 
is constantly on the lookout 
'• id. 

iwn pilot force. 

The advanced course turns out a student capable of 
passing the examination for a limited commercial pilot's 
license, experienced in flying several types of planes, cross- 
country, aerial navigation, and maintenance. The last 
five hours with each advanced student is spent in transi- 
tion work, with instruction in handling Whirlwind pow- 
ered Wacos, Monocoupes, Fairchilds and Flamingos. 
Where students show unusual aptitude, this transition 
period is extended to 10 hr. Beginning in the summer of 
1929, a Hisso Waco 10 fitted with pontoons will be used 
on the Ohio River, 200 yd. from the field, for training in 
this type. 

Aerial navigation problems are worked out for each 
student of the advanced course by Major Rockwell, who 
checks every student in the school. These usually consist 
of a triangular cross-country flight with the instructor 
as a passenger. Wingovers, spins and stalls are taught 
every student, primary or advanced, and advanced stu- 
dents are required tq become proficient in these maneu- 
vers before graduation. Certain planes are specified for 
this type of flying, and are especially inspected by the 
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lineman and hangar mechanics to insure absolute safety. 

Getting prospects and signing up students in the flying 
school is taking on a new salesmanship aspect. 

"Give them one chance. If they are interested, and 
the right type, urge then on. If not, drop them because 
there are lots more waiting” is a motto of one of the 
student representatives, and this practice generally is fol- 
lowed in the school. 

Thus far, it has not been necessary to sell the courses 
with any intensive sales psychology or so-called “high- 
pressure” methods. The school has not maintained a 
downtown sales office, and has depended almost entirely 
on indirect contacts to supply prospects. 

Among these indirect contacts are a house organ, "Em- 
bry-Riddle Sky Traffic,” sent to prospective users of the 
company's services, responses to educational programs 
over station WLW every Saturday night at 7 :30, ad- 
vertisements in national trade magazines, classified adver- 
tisements in local newspapers, exhibitions of planes at 
automobile, food, and industrial shows, a special school 
exhibit at the Detroit Aircraft Show, activities of a 
speakers’ bureau and the Sun- 
day pleasure-riding crowds. 

In the case of every pros- 
pect, the first effort has been 
to get him to the airport. This 
indicates his active interest, 
and conserves the time of the 
school representative, who is a 
busy enough man anyhow. 
Once the student has admitted 
interest and a desire to learn to 
fly, the representative confers 
with him in an effort to deter- 
mine the type of course best 
suited for the student. 

Almost every applicant has a 
career in aviation in mind. "I 
want to be an air mail pilot” is 
a frequently repeated remark. 
The representative first ad- 
vises the advanced 50 hr. 
course, according the policy of 
the company. If finances pre- 
vent following this plan, the 
primary course is suggested, 
and if finances are still inade- 
quate, the interest of the appli- 
cant is retained and promoted 
by enrolling him in the 
ground school course. 

Not infrequently, the ground school graduate obtains 
enough money to take the actual flying course, and the 
primary course graduate obtains enough money to finish 
his 50 hr. of solo, and graduate as a pilot. The student 
representative during the last three months of 1928 and 
January, 1929, averaged 100 letters a week, and 35 inter- 
views at the field a week. 

A plan for using students in the school as part time 
representatives of the school is now in operation. When 
the student has enrolled two students for the primary 
course, he is given an hour in the air in company planes 
for the first, and $15 cash for the second. Capitalizing 
on the acquaintances and friends of students has resulted 
in many additional enrollments. 

The public relations department of the Company has 
worked out a careful system of publicity on each student. 
Stories are sent to his home town papers throughout the 
training period, telling of his progress. These stories 
usually are printed in full in local papers, and have been 
found to be effective in awakening further interest in 
that town. 
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Concerning 


the 
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Burdens 


and 


Costs 


By Edwin R. Douglas 

Consulting Engineer 


W E have seen that the distribution of overhead 
through a blanket percentage, or burden on bare 
cost, may lead to large errors; that results are 
more correct when overheads on materials, labor, selling 
and administration are handled separately, and that a still 
closer approximation is reached when departmental di- 
visions and distributions of overhead are made. 

The latter plan is reasonably simple and works very 
well when the character of the work going through each 
department is at all times substantially the same. This is 
likely to be the case in an airplane or engine factory, and 
the departmental plan will probably find wide application 
in these industries. It is not, however, fundamentally 
correct, and is likely to lead to considerable errors when 
figuring the unit costs of parts made by different pro- 
cesses, such as hand work vs. machine work, stampings 
vs. forgings, etc. This will be particularly true where, 
to get straight line production, machines and operations 
of different types are grouped in sequence in the same 
department. The overhead of the department includes 
the indirect operating expenses of all the machines and 
processes in it, but the operating expenses of a hot forg- 
ing group, a stamping press, a work-bench, and a miller, 
for example, would be very different. Each of these 
would involve the direct labor of one man, but the ratio of 
operating expense to direct labor (the burden rate) for 
each might be about as follows : 



cles made by these different processes by adding a uni- 
form departmental burden of 255 per cent, on each. For 
such comparisons the individual rates of the different pro- 
cesses (commonly called “machine rates”) must be used. 
Particularly should estimates of costs and savings by new 
and different processes be based on individual machine 
rate burdens. These must estimate as correctly as possi- 
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ble the use made by each process of every service charged 
to the department, such as floor space, power, water, 
steam, light, supervision, clerical expense, repairs, depre- 
ciation, insurance, taxes, etc., and should not forget re- 
turn on investment. Regarding this last item, there is no 
intent to re-open here the battle between the “interest” 
and the “no interest” groups. But when we arc consider- 
ing the investment of funds in some new and improved 
equipment for the purpose of reducing costs, we must 
consider whether the resulting economies will be sufficient 
to pay not only all the usual operating expenses, but an 
adequate return on the investment as well. If our ac- 
counting conscience permits us to include it as an element 
in burden, well and good; if not, we must still retain it 
somewhere in the chain from cost to profit. 

Thus far, we have spoken only of burdens being dis- 
tributed at a percentage on labor, but if machine rates 
are to be used it will be more direct to set them simply 
as hourly rates for the use of the machines. This elimi- 
nates any variations arising from differing wage rates of 
the operators. For instance, the rates for the machines 
listed in a preceding paragraph might reasonably be : 



These figures are supposed to be the actual cost of op- 


Fig. 1 


erating the different machines or processes, but since some 
of the elements, like depreciation, rental for floor space, 
etc., are based on fixed annual charges, the setting of the 
hourly rates involves an estimate as to the probable num- 
ber of hours the machine will operate in a year. Two 
machines might be exactly similar in all respects and all 
requirements, but if one is to operate twice as many 
hours per year as the other, its rate will be lower. The 
following is a condensed example : 


We shall presently recur to the two elements (a) and 
(b) above. While considerable careful work is involved 
in determining the machine rates for a large factory, it is 
not in any way an impracticable task if taken systematic- 
ally. A sample of a form used in making such computa- 
tions is shown in Fig. 1. It 
is known as a “Make-up of 
Equipment Charge” form and 
provides columns for refigur- 
ing the rates from time to 
time as basic costs and condi- 
tions change. On the back 
of this form is another, 
marked "Record of Plant 
and Property,” for keeping 
a complete record of the pur- 
chase, cost, depreciation, etc. 

This is shown in Fig. 2. 

Machine rates, at so much 
an operating hour, may be 
looked on as a kind of wages 
earned by the machines to 
pay for their upkeep, opera- 
tion and supplies, just as the 
wages earned by the work- 
; to pay their living 
These are credits 
n and the machines. 

In the case of the men, it is 
necessary to keep complete 
detailed payroll records, for 
workmen must receive their 
exact personal earnings. But 
machines care nothing about 
this, and, except for sta- 
tistical purposes, there is no 
necessity for recording indi- 
vidual machine earnings. 

From the cost side, how- 
ever, the case is different. 

Where costs are built up 
from direct material, direct 
labor and departmental over- 
heads, the latter will include 
allowances at averaged rates 
for the operating expenses of 
the machines. We have seen 
that, however well such 


to a job that there is for charging each workman's earn- 
ings. Indeed, there is usually much more reason, for 
the machine rates on a job are usually higher than the 
workmen’s rates, sometimes much higher, as seen in the 
examples above. Often, indeed, instead of figuring wages 
with great accuracy and adding burdens at rough aver 
aged percentages, it would be more nearly correct to 
figure the burdens accurately, at machine rates times 
hours, and add the labor at averaged percentages. Does 
this seem ridiculous? It would be the more logical way 
wherever the burdens run over 100 per cent. 

The meaning of this is plain. If it be necessary to 
carry on cost systems in which the labor costs are posted 
in detail to individual orders, then the machine burdens, 
at hourly machine rates, should be figured and posted to 
them in the same way. In such case each man-machine 
ticket must bear both of these rates and both extensions. 
Tickets must also be made for men working away from 
machines and for time machines are idle and not in 


expenses. 


aged r 




work out ii 


wholesale, they will not give 
correct results in detail, for 
the hourly rates of different 
sorts of machines vary too 
greatly. To obtain accurate 
costs on parts, machine rate 
burdens must be used. There 
is the same reason for charg- 
ing each machine’s earnings 
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operation. This is the logical and correct, if unusual, 
extension of the ordinary detailed cost system. It is, of 
course, very laborious ; but it has been done, to the mul- 
tiplication of clerical expense, extension of red-tape, and 
disrepute of cost accounting. 

It is the argument of this whole series of articles that 
in productive costs (and alike for materials, labor and 
burdens) such cost keeping methods are slow, laborious, 
inaccurate, expensive, wasteful and usually unnecessary. 
On the other hand, costs which can be based on well- 
made specifications are immediate, easy, accurate, and 
economical. This applies to the use of machine rate bur- 
dents as well as to direct labor and direct material. 

Divergencies Should Be Made Known 

In order that costs may be based on specifications, it 
is necessary either that the work be done exactly as speci- 
fied or, where not, that the divergencies be made known 
at once and accounted for. Divergencies there always 
will be. It is the method of modern cost accounting 
wherever possible, to set up standards which can be and 
should be followed, to do no further clerical work on the 
cost of items which are in accordance with these stand- 
ards, but to report all divergencies, as to their natures, 
amounts, and causes, and to concentrate attention on these 
divergencies. If investigation shows that the standards 
are wrong, they and the standard costs will at once be 
corrected, but if the divergencies are due to delays, losses, 
errors, or breakdowns, the costs of these will be charged, 
not to the jobs on which they happened to occur, but to 
accounts covering their causes and the departments re- 
sponsible. These accounts are expense accounts and a 
part of the departmental overheads. They will enter into 
those overheads, or into the machine rates, and be distrib- 
uted over and borne by all the jobs done by the depart- 
ments and machines responsible for them. Through this 
channel they enter into the standard costs. 

The amount of clerical labor required by this method 
will be less than that required for keeping the old-style, 
detailed costs, particularly so if the latter involved ma- 
chine-rate burdens. The clerical effort thus displaced 
may, for a time, be invested in the building up of the 
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system of standards. Costs thus determined by standards, 
including correct burdens with allowances for average 
delays and losses, will be far more dependable than any 
offered by the older type detailed cost system. 

The means required for these specification costs have 
all been discussed in earlier articles of this series. They 
include full specifications of material and labor, pre-writ- 
ten material tickets and labor tickets, and methods for 
scheduling and dispatching work. The methods for im- 
mediate reporting of divergencies are as follows : 

The store room will give out no productive material 





other than that on the standard specification, unless spe- 
cially authorized by a spoilage ticket. These spoilage 
tickets are the immediate source of information as to di- 
vergencies in material. 

Labor tickets will be written in advance, in duplicate 
and on self-carbonized strips, and will show the standard 
time allowances on the jobs. By the methods already de- 
scribed, these tickets, when turned in “complete,” show 
the actual time taken, and the time saved or lost. The 
duplicate copies, sorted by departments and into three 
groups, “time saved,” “time lost,” and “exact,” give the 
basis for a daily check-up of time losses according to their 
causes. The original copies serve first as means to com- 
pute and accumulate any premiums to be paid to work- 
men for time saved, and then as the basis of journal en- 
tries, weekly or monthly, accounting in total for time lost 
charges and time saved credits. These accounting trans- 
actions and the routine involved are shown in Figs. 3, 4 

Only Five Transactions Unusual 

Inspection will show that nearly all the transactions 
indicated on this chart of accounts shown in these figures 
are those of the usual industrial accounting system. The 
only unusual ones are Nos. 16, 17, 18, 20, and 28, having 
to do with the time lost and time saved accounts. While 
these have been added as weekly or monthly postings, the 
entire structure of detailed order cost accounting is gone. 
All that now remains of the old type cost system is the 
collection and distribution of overhead expense items and 
the checking of their totals with the burdens earned to 
cover them. 

This completes a description, in the briefest form, of 
what we have termed the modern way of cost determina- 
tion and control. We may now pass on to consider some 
phases of cost application resulting from the principles 
and methods which have been described. 

In an earlier paragraph a tabulation was presented com- 
paring the machine rates on two similar machines, one 
of which was expected to operate more hours in a year 
than the other. Two elements in their expense were 
shown, as follows : 

(a) Fixed expense, made up of factors whose total 
does not vary, no matter whether the shop is slack or busy. 

(b) Variable expense, consisting of factors whose total 
varies directly with the volume of work going through. 

The total expense of every plant, department and ma- 
chine is made up of two elements like these. Of the first, 
executive salaries would be an example; of the second, a 
pure example is not so easy to find, though many expense 
items contain it along with the first. 

Some very important matters depend on the relation 
between fixed and variable expense, and it is desirable to 
know how to determine that relation. This is done by 
preparing an expense budget for each of several possible 
operating conditions, such as that of the plant working at 
100 per cent, capacity, and at several other smaller and 
larger capacities. For each of these, estimate as nearly as 
possible the number of productive and non-productive 
men that would be required in each department and their 


wages. Estimate, also, each of the other items that go to 
make up expense. It will be found that some things will 
remain fixed for some parts of the range, but, at certain 
points, will jump suddenly to other fixed values. Such 
would be supervisional salaries, jumping when it became 
necessary to add a foreman, assistant foreman, or assistant 
superintendent; or power, when another boiler or engine 
had to be brought into service. On the whole, however, 
there should be a fairly steady increase with increasing 
percentages in production. This may be illustrated by 
the table shown at the bottom of the page. 

A Minimum Value of $200,000 

A graph of these values, with the curves prolonged 
backward to the ordinate for zero capacity, is shown in 
Fig. 6. It is seen that while the direct material and labor 
start from the value zero at 0 per cent, of capacity, the 
total expense and so the total cost start from a min- 
imum value of $200,000. This minimum may be con- 
sidered as the fixed element in expense and cost, while 
the amount by which the actual expense rises above this 
minimum may be considered as its variable element, and 
therefore as one variable element in total cost. The other 
variable cost elements are direct material and labor. 

It is also seen that when, for these particular conditions, 
the volume of production falls appreciably below 75 per 
cent, of normal, profits disappear and losses result. The 
remedy for this lies in (a) cost reduction, (b) increased 
sales effort, and (c) lower selling prices to stimulate sales. 
At this point we are concerned only with the last one of 
the three. That is, how far are we justified in reducing 
prices to keep the plant running in a dull season? 

"Hidden Profits" Reduce Burdens 

It is sometimes said that prices reduced even to the 
point of showing individual losses still carry a “hidden 
profit,” meaning that they help to absorb some of the 
fixed overhead, and so to reduce the burden on other 
work. The fixed overhead must be carried anyway, 
orders or no orders. Like death and taxes, it is always 
with us. If there is not busines enough to carry it. it 
will show up at the end of the year as a loss. In a slack 
condition of business, any additional orders that can be 
obtained over the otherwise minimum, at prices to cover 
their direct material and labor and the variable element in 
their overhead, are just paying their way. Anything 
above this becomes an additional contribution toward pay- 
ing the total fixed overhead, and so reduces the loss at the 
end of the year. This may be illustrated by the following 
example : 

In the tabulation of productions and costs given above, 
condition (b), 50 per cent, normal production, shows a 
loss of $80,00 at the end of the year, all sales beig held 
to full normal prices. Under this condition the sales are 
but $500,000 and the cost of them is $580,000. The vari- 
able element in this cost is less than this by $200,000 (the 
fixed expense), or is but $380,000. which is 76 per cent, of 
the sales. If. under these conditions, additional business 




Direct 

Total 

Overhead 

Total 

Fixed 


Loss 


Material 

Wages 

Expense 

Cost 

Prices 


Profit 


$50,000 

$75,000 

$275,000 

$400,000 

$250,000 



(b) 50 

(c) 75 


140.000 

340,000 

580,000 

500,000 




200,000 

390,000 

740.000 

750.000 

P. 

10,000 

200,000 

250.000 

420,000 

870,000 

1,000,000 

P. 

130,000 


250,000 

340.000 

460,000 

1,050,000 

1,250,000 

P. 

200,000 

(f) 150 

300.000 

470.000 

530.000 

1,300.000 

1,500,000 
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can be obtained at any price above 76 per cent, of normal, 
then, according to what has just been said, it will reduce 
the $80,000 loss at the end of the year. Suppose that a 
20 per cent, reduction or extra discount will bring in 10 
per cent, more business, amounting at the reduced price, to 
$40,000 increased sales. Since all the $200,000 fixed ex- 
pense has already been covered by the $580,000 cost of 
the business already in hand, this new business can be 
manufactured for its variable expense alone, or for 76 
per cent, of its full price cost — that is, for only $38,000 
additional cost. This gives a profit, all clean, of $2,000 
on this additional business, and reduces the loss of the 
year by that amount. These results may be tabulated 
as follows : 



This course of action, though taken at an apparent loss 
so far as old cost methods would show, would yet put in 
the treasury $2,000 more than if it had not been taken. 
If the sales response to this offer were greater, or if the 
response could be obtained with a smaller offered dis- 
count, the resultant advantage would be greater, but in 
no case should the net price be lower than the variable 
element in the cost. Rather, for safety, it should be at 
least a little higher. Such action should not be taken ex- 
cept as an emergency measure, when the plant is not 
operating to capacity, and should be discontinued promptly 
as production comes up to normal. Nor should it be 
opened for indiscriminate use by salesmen, but only used 
under control by the executive with a full understanding 
both of its theory and the facts. The above dlustration 
shows the importance of having an accurate analysis of 
overhead expense into its two elements, fixed and variable. 
Under competitive conditions the result of the business- 
getting game may depend entirely on that knowledge. 

The old type detailed cost system, or any system which 
burdens all business at similar rates without regard to 
the distinction between fixed and variable expense, would 
indicate, on such additional business, not a gain, but a loss 
proportionately even greater than that on the primary 
business obtained at normal rates. To bring prominently 
to attention the facts regarding these distinctions, not only 
is a different method of expense accounting required, but. 
as indicated in an earlier paragraph, the allocation of ex- 
pense must be made according to pre-arranged budgets. 

Methods Applicable to a Single Department 

The methods indicated by the table and graph, cover- 
ing the whole plant, are equally applicable to a single de- 
partment or machine. Each has its fixed and its variable 
expense, and for the application of these methods these 
elements must be determined. It is, however, unnecessary 
to do this for so many businss conditions as were shown 
in the above table, and here is where the budgeting 

In a budget prepared in advance, we arc furnished with 
an estimate of the amount of business to be expected and 
the expense of handling it. It is for this particular condi- 
tion, not for all possible ones, that the analysis of expense 
into fixed and variable is required. This will, indeed, be 
called for in the preparation of the budget, and that is 
where the prices and amounts of business obtainable, and 
the elasticity and responsiveness of the market must be 
considered. ’ The budget will be worked out according to 
the best information and judgment obtainable to give the 
largest possible return or, in slack seasons, the smallest 
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loss (and the desirability of carrying loyal and efficient 
members of an organization through a slack time, even 
though without profit, will not be lost sight of). 

When such a budget of sales and costs has been pre- 
pared, it will indicate the distribution to be made of the 
different expense items. Possibly some, which cannot 
economically be carried by production under existing con- 
ditions, will be indicated at the start as deferred items or 
losses. Idle time of machines caused by unusual business 
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Fig. 6. Graph of cost elements and profits for 
different capacities. 


conditions may fall in this category. Then, until some 
considerable change in conditions calls for re-budgeting, 
the costs (predetermined) will follow these expense dis- 
tributions. If, under such circumstances, some unusual 
business must be handled, disregarding fixed expense for 
example, the handling of it is simple, for its estimates 
show directly how it was taken and how it is to be cared 
for. If, in its manufacture, there is any deviation from 
the methods and costs contemplated in the estimate, this 
will be at once brought to light, as described in a previous 
paragraph on divergencies. The handling of this kind of 
business by the old detailed cost methods would have led 
to almost inextricable confusion and could not have been 
carried through. 

Although the subject is far from exhausted, we will 
bring this discussion of it to a close at this point, with the 
comment that the modern methods which have been de- 
scribed, although not complicated nor laborious — less so, 
in fact, than the older ones — must be controlled by talent 
somewhat broader than was usual with the older systems. 
There is more need for intelligent understanding of the 
aims and methods, for interpretation of the results, for 
co-operation with the engineering, stores and producing 
departments, and above all for thorough understanding 
and co-operation between the department in control of 
cost and production and the executives of the company. 
And all of these must keep constantly in mind the prin- 
ciple with which this series of articles opened. That is, 
that at the foundation of all successful modern manage- 
ment is exact, centralized knowledge of what, how, where, 
and when. 
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Wright Company Establishing 
Chain of 36 Service Depots 

Manufacture, Sale and Servicing of Engines 
Also Arranged in Foreign Nations 


PATERSON, N. J.— The establish! 
United States for the ! 

dby 


fir, 


36 depots in all parts of the 
ice stations^ and parts dealers, J^he ian Islands. Twelve representa- 


Large Swallow 
Contract Placed 

WICHITA, KAN. — While in 
this city recently, J. E. Granger, 
Pacific Coast Swallow plane distri- 
butor operating at Santa Monica, 
Calif., placed an order for 50 Swal- 

$175,000. All are to be delivered 
Mr. Granger, who 


The list of 36 depots falls into two 

11111! 

i-E:S,,rss, c s.. L s“ 


y reach of every owner. We shall 
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Vought Planes Rushed 
For Mexican Warfare 

LONG ISLAND CITY. N. Y. — A 
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Type Certificates Issued 
WASHINGTON, D. C— New approved 

closed land monoplane, Vclie 55. 

Pittsburgh Aero Show 
Proves Big Attraction 

spaces when the show opened. Five of 
were held at Bettis Field until they 



rector of Sales and Service for the 
Wright company, more than 100 service 
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'a n d rew ,“S treefm an Log u ; e & Mobley, Houston! 
Tex.; Harold O. Barker, Jesup & Lament; YYi|. 
liam G. Beckers, director. Allied Chemical & 
Dye Corp.; C. K. Boettcher. Boettcher & Co,, 
Denver ; D. K. E. Bruce, YV. A. Harrtman & 
Co„ Inc.; Rogers Caldwell. Caldwell & Company, 
Nashville: Frederic G. Coburn. Sanderson & 
Porter. New York; YV. YV. Crocker, vice presi- 
dent, Crocker First National Bank of San Fran- 


Double Pension Granted 

WASHINGTON, D. C.— Double pen- 
sion for disabilities suffered by Army fliers 
in line of duty is granted in a measure 
signed recently by the President. The 
double amount has previously been allowed 
to Marine and Navy aviators. 


To Hold Model Meet 
Prior to Detroit Show 

DETROIT, MICH,— A nation-wide 
model airplane exposition will be held in 
Detroit one week prior to opening of the 
second annual All-American Aircraft 
Show under the joint auspices of the De- 
troit Board of Commerce and the Detroit 
Board of Education, it was announced re- 
cently by Harvey J. Campbell, executive 
vice president and secretary of the Board 
of Commerce. The exposition, to be known 
as the Junior All-American Aircraft Show, 
will be staged in Olympia stadium. It 
will be in two sections and Yvill be a one- 
day show. 

Through cooperation of the Stout Air 
Services, Inc., and the Curtiss Flying 
Service of Michigan the committee in 
charge of the exposition has arranged to 
award as prizes in the public school con- 

round trip flights to Chicago and Cleve- 
land, respectively, $150 in cash prizes, and 
17 silver cups. Wimiers are to be given 
their prizes on April 9, during the Shotv. 

Last minute assignments of space in the 
All-American Aircraft Show, has increased 
the number of planes to be shown to 106 
craft, Manager Ray Cooper announces. 
Despite the fact the applications of nearly 
a dozen manufacturers had to be turned 
down due to lack of floor space, ihe show 
will he the largest indoor aeronautical ex- 
position ever held in this country. 

In addition to the 106 planes entered by 
a total of 62 aircraft manufacturers, there 
will be exhibits of 107 aircraft accessory 
makers. Fourteen engine manufacturers 
have entered their power plants. 

Order Placed for 50 
Cirrus Power Plants 

PATERSON, N. J.— The New Stan- 
dard Aircraft Corp. here has placed an 
order for 50 American-built Cirrus 
Mark III engines Yvith American Cir- 
rus Engines, Inc., of Belleville, N. J. 
The first 50 engines turned out at the 
new Cirrus factory are to be delivered 

New Standard intends to use these 
engines in its new training plane which 
is rapidly being completed and will soon 
be ready for a flight test. 

The order, amounting to about $80,- 
000, Yvas signed by Reuben H. Reiffcn, 
treasurer of N civ Standard, and by 
Alan C. Hoffman, vice president of 
American Cirrus Engines, Inc. 


Schedule Iovva State Meeting 

AMES, IA. — The Engineering Division 
of Iowa State College, here will hold a 
three day conference on aeronautics May 
27-29. There will be a program of papers 
and discussions on aeronautical subjects 
of interest to engineers, pilots, to those 
connected with air transportation, and to 
the public in general. An opportunity will 
also be given to producers to exhibit aero- 
nautical equipment and materials. For fur- 
ther information address Earl B. Smith, 
Mechanical Engineering Department, Iowa 
State Colege, Ames, la. 
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Congress Passes Air 
Bills in Last Sessions 

WASHINGTON, D. C.— Four bills 
affecting aviation became law during the 
closing sessions of the last Congress. 
They were: Senate Bill 5350, introduced 
by Senator Bingham, to amend the Air 
Commerce Act of 1926 with reference 
to the examination and rating of schools 
giving instruction in flying; Senate Bill 
5544, introduced by Senator Bingham, to 
increase the membership of the National 
Advisory Committee for Aeronautics; 
House Bill 16131 (same as Senate Bill 
5443), introduced by Representative 
Kelly, to enable the Postmaster Gen- 
eral to make contracts for the trans- 
portation of mail by air from island 
possessions or territories of the United 
States to foreign countries and to the 
United States and between such island 
possessions or territories, and to au- 
thorize him to make contracts with 
private individuals and corporations for 
the conveyance of mail by air in foreign 
countries; House Bill 16839, introduced 
by Representative Britten, to provide 
for investigation of sites suitable for 
establishment of a naval airship base. 


Aeronautical Chamber 
Adds Advisory Group 

NEW YORK, N. Y.— In a recent 
meeting of Aeronautical Chamber of 
Commerce members, the following sec- 
tion was added to the by-laws. 

"Section 4. Council. To secure the 
advantages of continuity of service, all 
ex-presidents past and future shall be 
members of an advisory group styled 
‘The Council.' The Council shall co- 
operate with the Board of Governors 
and the officers in the direction and con- 
trol of the affairs of this organization. 
All members of the Council shall be ex- 
officio members of the Board of Gov- 

Thcrc now being three ex-presidents 
on the Board of Governors, a meeting 
of the Board will be held in the near 
future to discuss vacancies to be created 
by the eslablishment of The Council. 


LeBlond Engines to Kreutzer 

CINCINNATI, O.— The LeBlond Air- 
craft Engine Corp. of this city has begun 
delivery on a power plant contract placed 
by the Joseph Kreutzer Co., Los Angeles. 
The LeBlond firm, furthermore, announces 
receipt of an order from the Arrorv Air- 
craft & Motor Corp. of Havelock, Neb., 
for 100 of the "60” type engines to be de- 
livered during March, April and May. 


To Begin Thaden Production 

PITTSBURGH, PA. — The manufacture 
of airplanes will start in Pittsburgh in a 
few weeks, it was announced here by the 
Pittsburgh Aviation Industries Corp.. a 
$6,000,000 holding company, with five sub- 
sidiary companies engaged in aviation 
activities. The Thaden plane, an all metal 
monoplane, powered with a Renard engine 
of 150 hp., will be built. 
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To Build "Bluebird” Here 

NEW YORK, N. Y. — Formation of 
the Blackburn Corporation of America is 
announced her by A. R. Martine. The 
firm, to be capitalized at $7,000,000, will 
manufacture and sell Blackburn aircraft 
of the "Bluebird” and other types in this 
country. The company, Mr. Martine states, 
will be in production this year in a plant 
whose location has not as yet been an- 
nounced. 

Seaboard Orders 28 
Hamilton Metalplanes 

MILWAUKEE, WIS.— A contract for 
28 planes has been awarded to the Hamil- 
ton Mctalplanc Co. by the Seaboard Air- 
craft Co., according to a recent announce- 
ment. The planes will carry seven pas- 
sengers and a pilot and will be equipped 
with lavatory, baggage room and other 
facilities. They will be used between New 
York, Albany, Boston, Newport and Wash- 
ington and will make connections at Al- 
bany with the Twentieth Century Limited. 

Delivery of the planes, to extend over 
a lengthy period, will probably be at the 
rate of one a month during the remainder 
of 1929, according to officials of the com- 
pany. One plane has already been do- 
lt has been announced that Thomas F. 
Hamilton, founder of the Hamilton Metal- 
plane and Hamilton Aero Manufacturing 
firms, has moved to Los Angeles, Calif. 
His duties in the United Aircraft and 
Transport Co., which recently acquired the 
Hamilton concerns, have not vet been 
made knoYvn. 

Central Americans to Tampa 

TAMPA, FLA.— At a recent meeting of 
the aviation bureau of the chamber of 

student aviators from Central American 

summer to begin training here for com- 
mercial licenses. The training courses have 
been underwritten by various civic organi- 
zations and the plan has been approved by 
the United States Department of State. 
Official invitations have been sent to the 
participating nations through the federal 
department’s embassies following the post- 
ing of satisfactory bond guaranteeing all 


Stearmans for Texas Line 

FORT WORTH, TEX.— Three new 
Stearman mail planes Yvere delivered here 
to Texas Air Transport, Inc., during the 
past week. The planes were flown from 
the factory at Wichita. Kan., by Texas 
company pilots. They will be used on the 
South Texas air mail routes operated by 
the firm. 


Another Fokker for P. A. A. 

HASBROUCK HEIGHTS. N. J.— 
Delivery of the seventh tri-engined Fok- 
ker for Pan American Airways, Inc., is 
announced at the Fokker plant here. Ed- 
ward Musick, veteran P. A. A. pilot, 
came to Hasbrouck Heights to accept 


Sixteen Firms Merge 
Air Insurance Assets 

NEW YORK, N. Y. — Thirteen long-es- 
tablished fire and marine insurance com- 
panies, and three casualty companies, with 
combined assets for the 16 corporations of 
more than a third of a billion dollars, have 
joined their interests to write aviation 
insurance, according to an announcement 
made today. 

The companies in the new "pool,” which 
is known as the Associated Aviation Un- 
derwriters, are “old line” companies rep- 
resented for many years by Chubb & Son 
and The Marine Office of America, marine 
underwriters. 

Beginning March 18, these companies 
Yvill write all classes of airplane risks, in- 
cluding damage by fire, accident, tornado 
and windstorm, and losses due to theft and 
pilferage, as well as policies co\'ering prop- 
erty damage, public liability, passenger 
liability, personal accident, workmen's 
compensation and loss of use. 

The Marine Office companies participat- 
ing in the undertaking are: the Conti- 
nental, Fidelity-Phenix, American Eagle, 
American of Newark, Firemen's, Glens 
Falls Insurance, the Hanover, and the 
Glens Falls Indemnity. The Chubb & 
Son companies are: the Federal, Sea In- 
surance, Marine Insurance, London As- 
surance, Alliance Assurance, Merchants 
Fire of N. Y., the United States Guarantee 
and the Merchants Indemnity. The three 
indemnity companies mentioned will assume 
the liability insurance on the policies writ- 

The managers of the Associated Avia- 
tion Underwriters will be J. Russell Par- 
sons for Chubb & Son, and Owen C. 
Torrey, for The Marine Office of Amer- 
ica, who will decide on risks in collabora- 
tion with Alvin W. Smith, formerly Yvitli 
the Aeronautics Division of the U. S. De- 
partment of Commerce, where he had 
charge of establishing air mail routes. Mr. 
Smith is an active pilot of broad experi- 
ence and also has an interesting war 


To Start Moreland Plant 

LOS ANGELES, CALIF. — An anounce- 
incnt by officials of the Moreland Aircraft 
Co. states that construction will begin at 
once on a $500,000 airplane factory to be 
erected on a site adjoining Mines Field. 
The first building will measure 80 by 180 
ft. in size, will be of hangar type con- 
struction and is scheduled to be ready for 
production before the first of July. Initial 
production at the rate of one plane daily is 
scheduled, the first product being a three 
place high wing open monoplane. 


Berliner-Joyce Lets Contract 

BALTIMORE, MD.— The Berliner- 
Joyce Aircraft Co. has atvarded to the M. 
A. Long Construction Co. of Baltimore, 
Md., the contract for the erection of the 
first unit of the aircraft manufacturing 
plant at Dundalk Junction, adjacent to the 
proposed municipal airport. It will be 
for occupancy in May. The outlay for 
the first unit and equipment will repre- 
sent $250,000. 
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AIRPORTS AND AIRLINES' 


Huge New York 
Airport Planned 

Leading Aeronautical and Fin- 
ancial Concerns Buy 
Big Tract 


NEW YORK, N. Y. — Ambitious plans, 
which if realized would give this city a 
huge airport on the New Jersey marshes, 
have been announced here by a group 
which includes representatives of leading 
organizations in aviation and strong finan- 
cial interests. More than 600 acres are re- 
ported to have been bought and about 165 
acres arc under contract. Title has been 
passed to New York Air Terminals, Inc., a 
New Jersey corporation. 

Back of this project are Hayden, Stone 
& Co., and representative of Curtiss Aero- 
plane & Motor Corp., Wright Aeronautical 
Corp., N. A. T.; T. A. T., National Avia- 
tion and North American Aviation. The 
board of directors will include Richard F. 
Hoyt, William F. Cary, C M. Keys, 
Charles L. Lawrance, Robert G. Stone, 
Paul Henderson, Samuel M. Greene, 
"Casey” Jones, John B. Hardon, J. 
Cheevcr Cowdin, James C. Willson, George 
W. Pike and Walter J. Bartnett. 

Adjoins Rail Lines 

The property, known as Sour Island, is 
on the east shore of the Hackensack River 
and extends from the Delaware & Lacka- 
wana tracks north along the right of way 
of the Erie railroad. The larger portion is 
north of the Erie tracks and the rest is 
south. It is estimated that the airport will 
be only about 15 min. from the heart of 
the city via the Holland tunnel and the ex- 
press boulevard. 

On the northwesterly side of the airport 
will be built a seaplane base about 55 acres 
in area, giving take-offs in any direction 
of not less than 5,000 ft The water will 
be 44 ft. deep. Accommodations for 
dirigibles are said to be included in the 
plans. Complete equipment for housing 
aircraft and the accommodations of the 
public, freight and mail will be provided. 

Favored in 1927 

The site is one of the recommendations 
of the Hoover Fact-Finding Committee on 
Airport Facilities for this city in 1927. 
Although considerable dredging and filling 
will be required to fully develop the tract, 
it is expected that it will be available for 
flying operations before the end of the year. 
Railroad facilities are available for manu- 
facturing and assembly parts and the 
proximity of the tract to New York has 
suggested the feasibility of a mail tube to 
the city in case air mail is handled. 


Airway Mileage Grows 

WASHINGTON, D. C.— On Febru- 
ary 15 there were 9,567 mi. of airways 
equipped, under construction or con- 
tracted for night flying, with 1,513 elec- 
tric or acetylene beacons. 269 lighted in- 
termediate fields, 28 radio weather re- 
porting and communication stations and 
telephone service on the mail routes, and 
three radio beacons. By June 30. 2,000 
more miles will have been added. The 
Weather Bureau has 22 upper air and 
50 meteorological stations over the mail 
system, mostly at airports. Eight cities 
have mooring masts. 


Conference Arranged 
Over Airport Quarrel 

NEWARK, N. J. — A conference be- 
tween Government, city and N. A. T. 
officials was to have been held here Tues- 
day, March 12, to air the differences be- 
tween the city and the transport company 
over use of the new municipal airport as 
the eastern terminal of the air mail sys- 
tem. N. A. T. representatives claim the 
field is not adequate for safe operation. 
Local officials assert the objections of the 
N. A. T. have been met but that still the 
lull air mail service is not concentrated 

The specific grievance is in the alleged 
failure of the X. A. T. to fully use the 
shuttle service which was instituted as an 
emergency procedure while improvements 
to the airport were being affected. Only 
the mail to be transferred to Colonial 
and Pitcairn planes, now using the port 
according to Government orders, is placed 
on the shuttle plane, it is declared, while 
the bulk of the mail is sent directly from 
Hadley Field to New York City by truck. 
The conference followed an appeal to 
Senator Edge of New Jersey for assistance 
in reaching a satisfactory settlement. 


Begin Use of Section 
Of Lindbergh Field 

SAN DIEGO, CALIF.— About 35 acres 
o i Lindbergh Field, the new municipal air- 
port here, have been completed and the 
tract is being used by the San Diego Air 
Service Corp. The outline of the airport 
has been filled in and, at the present rate 
of dredging and filling operations, it is ex- 
pected the first complete unit of 142 acres 
will be ready for use a year from now. 

Pickwick Airways has a lease at tire air- 
port and probably will make it the base for 
its transportation service between here and 
Los Angeles and Imperial Valley points. 
Continental Air Transport Co., formerly 
the Harry Sperl Aircraft Co., will begin 
soon a transport service between here and 
Los Angeles. 

The first plane of the newly organized 
Prudden-San Diego Airplane Co., an eight 
place all metal Wasp engine machine, is 
expected to be completed about April 1. 
Three new aircraft factories have been 
proposed for this city. Service on the 
Maddux lines between here and Los An- 
geles has increased so that three planes are 
operated daily each way. A site of 400 
acres at the south end of the bay has been 
offered for the Army’s proposed depot and 
1.000 acres at Camp Kearney have been 
offered for the Navy airship base. 


Mayer to Operate New Line 
PITTSBURGH, PA.— An air service 
from this city to Columbus, St. Louis and 
intermediate points, was to have been in- 
augurated March 15 by the Mayer Air- 
craft Corp., one of the oldest air com- 
panies of this city, it was stated by Presi- 
dent C. P. Mayer. The company recently 
reorganized and recapitalized for $1,000,000 
and a tri-engined Ford has been added to 
the fleet of eight planes. It is planned to 
increase the field to 281 acres. 
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Pacific Communities 
Vie for Army Bases 

SAN FRANCISCO, CALIF.— Deci- 
sions of the War Department looking 
to abandonment of Crissey Field, which 
has been the Army aviation base in this 
region since the war, for a new air base 
and to establish somewhere within the 
San Francisco Bay area a large quarter- 
master depot for aviation supplies, have 
led many communities to offer sites for 
the two projects. 

The latest development is the recom- 
mendation made to Washington by 
Lieut. Col. Gerald C. Brandt, command- 
ant at Crissey Field, that the War De- 
partment accept the offer of Alameda of 
a 311 acre site east of Alameda Airport 
and the offer of Marin County, on the 
northern side of San Francisco Bay, of 
a 500 acre site. Colonel Brandt sug- 
gested that the depot and either a bom- 
bardment or pursuit group base be lo- 
cated on the Alameda site and the other 
in Marin County. 

The Alameda site offers the advan- 
tages of deep water transportation, rail 
connection, electric power facilities and 
an easily developed water supply. The 
Marin County site is northeast of San 
Rafael. Colonel Brandt recently landed 
a formation of planes on it and made a 
complete inspection as a result of which 
he declared the site was unusually favor- 
able. Another site offered is on the 
tidelands owned by the city of Berkeley, 
on the eastern shore of San Francisco 
Bay, while a fourth offer involves water- 
front property in Richmond, near the 
straits of Carquinez, at the northea-- 
corner of the bay. 


South American Line 
To Be Opened April 1 

WASHINGTON, D. C.— Operation of 
the Cristobal-Mollendo, Peru, leg of the 
new air mail route linking the Canal Zone 
with Chile will be started April 1, it has 
been announced by the Pan American Air- 
ways. The entire route will be operated 
on and after May 1, it is said, when final 
arrangements have been concluded with 
the governments involved. 

It is reported that Colonel Lindbergh 
may pilot the inaugural plane over the 
new route. Colonel Lindbergh success- 
fully opened the Mexico City-Brownsvillc 
service of the Mexican Aviation Co., a 
Pan American subsidiary, in spite of some 
apprehension over a possible interruption 
of plans on account of the national crisis. 

Add Lights at New Orleans 

NEW ORLEANS. LA. — A new rotat- 
ing airport beacon just installed on the 
hangar at the New Orleans Municipal Air- 
port is to be supplemented by additional 
equipment at an early date, according to 
officials in charge of the field. Ceiling 
lights already have been placed and the 
installation of other illuminating equipment, 
including flood and boundary lights is be- 
ing speeded. The airport will be fully 
equipped for night operations soon. 
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Turns on Lights 
For Emergency 

SAN JOSE, CALIF— Vernon 
Westbrook local air enthusiast, 
averted what might have been a 
serious air accident February 26. 
A northbound Maddux plane, 
bucking the winds from Los 
Angeles, was overtaken by dark- 
ness short of its northern destina- 
tion at Alameda Airport. Pilot 
George Allen, finding his fuel low, 
determined to land at San Jose, 
He circled the field several times, 
blipping his engines as a signal 
for the floodlights to be turned 
on but no attendant was on duty 
and the Held remained dark. 
Westbrook, who lives near the 
field, heard the engines and 
guessed the pilot wanted light. 
He ran to the field, smashed the 
lock on the switch cabinet, and 
turned on the floodlights for 
Allen to make a landing. 


Universal Has Dallas Office 

DALLAS, TEX.— An office has been 
opened here by the Universal Aviation 
Corp. for sale of tickets and general pro- 
motion in the interests of both the air line 
concern and the cooperating Chicago, Great 
Western Railroad. 

Air Transport Growth 
Announced in Report 

WASHINGTON, D. C.— Considerable 
progress in airways and air transportation 
development is revealed in recent figures 
released by the Aeronautics Branch. In 
1928 the Government paid $7,430,225 for 
carrying the air mail more than 8,270,- 
000 mi. The income of the mail operators 
increased from $2,326,400 in the first half 
of the year prior to the air mail rate 
change to $5,103,825 in the second half, 
while the miles operated by the mail planes 
increased in the same periods from 3,455,- 
985 to 4,814,096. 

Fifteen operators are flying about 13,- 
978 mi. daily over 26 lines in non-mail 
services. Altogether there are 35 oper- 
ators flying over 63 lines carrying either 
mail or non-mail cargoes, or both. On 
January 31 there were 7,566 mi. of lighted 
airways. There are said to be about 2,000 
individuals and companies engaged in 
aeronautics and listed in the Government 
trade directory. The report states that 
there are 6,608 pilots licensed or pending, 
12,217 students licensed or pending, and 
113 models of airplanes and 21 models of 
aircraft engines approved. 


Government Bulletins Out 

WASHINGTON, D. C— Bulletin No 
16, "Airport Rating Regulations;” a re 
vised edition of Bulletin No. 5, "Air 
ports and Landing Fields;” and “Air 
way Marking," the report of the com 
mittee on standard marking, are avail 
able at the Aeronautics Branch. 


Operators Want 
Control of Radio 

Committee Representing Air 
Lines Makes Report at 
Capital 

WASHINGTON, D. C— The air trans- 
port companies propose to establish the 
aviation radio stations throughout the 
country, according to the recommendations 
made to the Federal Radio Commission at 
the conference here March 11 by the sub- 
committee representing the operators. The 
channels assigned to aviation would be so 
allocated, according to Lester D. Seymour, 
chairman of the committee, that they would 
be available for any and all aircraft pass- 
ing over the airways. 

Mr. Seymour requested in his report that 
the Aeronautics Branch be given charge 
of passing on application for radio sta- 
tions and that the subcommittee be allowed 
to express an opinion on these applica- 
tions. "In turn we promise the closest 
cooperation and every helpfulness within 
our power, realizing that the channels for 
radio use arc limited; that the most eco- 
nomic use of each channel must be made 
and that all who fly and desire such aid 
to their operations have equal rights, one 
with the other,” said Mr. Seymour. 

The Radio Corporation lias no objection 
to the plan of the operators, if they think 
they can best be served in that manner, 
according to Col. Manton Davis. He 
urged that one agency be created to handle 
the situation and recommended a general 
service corporation. The Radio Corpora- 
tion is seeking experimental licenses for 
aviation radio tests, he said, and is anxious 
to establish stations at New York, Chicago, 
Cleveland and Los Angeles. 

Nearly 50 experts and leaders in air 
transportation attended the conference as 
representatives of the Government, air 
transportation companies, and various pri- 
vate radio corporations. 


Gas Company Plans Air Signs 
LOS ANGELES, CALIF— Extensive 
aviation sign posting of southern California 
cities is being undertaken by the Southern 
Counties Gas Co. All sign painting is 
being done according to specifications of 
the Aeronautics Branch. About a dozen 
signs are to be painted on roofs of build- 
ings owned by the Southern Counties Gds 
Co. in Santa Barbara, Ventura, Santa 
Monica, Monrovia, Pomona, Ontario, Santa 
Ana, Orange, Anaheim, and Newport 
Beach. The entire project is to be finished 
within 30 days. 

Ball Plans New Mail Line 

PITTSBURGH, PA— Clifford Ball, 
operator of the Pittsburgh-Cleveland air 
mail, will open a mail line from here to 
Washington, he has announced, as soon as 
the existing line has been lighted for night 
flying. The lighting is expected to be com- 
pleted by the middle of April. Ball has 
ordered four New Standards, equipped for 
night flying, one having been delivered. 
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Alameda, Calif., Opens 
Airport with Program 

ALAMEDA, CALIF.— Marking an- 
other step in the progress of San Fran- 
cisco bay district aviation, two-day dedi- 

cently at Alameda Airport, newest fly- 
ing field to be officially recognized in 
this section. Ceremonies were featured 
by the attendance of leading officials as- 
sociated with the air industry on the Pa- 
cific Coast and city officials of the 
neighboring cities of Alameda and Oak- 

Backers of Alameda Airport filed arti- 
cles of incorporation more than a year 
ago and the field has been under grad- 
ual development since that time but the 
airport only recently won the distinction 
of being one of the most ideal sites for 
flying purposes in this state. With the 
transfer here of planes and equipment 
of the Maddux Air Lines, which operates 
daily service between Alameda and Los 
Angeles, the airport assumed new im- 
portance. 

Immediately following the conclusion 
of the ceremonies Captain Thompson 
announced that work of enlarging the 
field will be started at once. It is 
planned to make the field one mile 
square and install landing lights. When 
completed it will embrace 346 acres, 
many of which will have been reclaimed 
from the waters of San Francisco bay. 
The present area of the airport is 75 
acres. It is within 15 min. of the busi- 
ness district of Oakland and 20 min. 
from San Francisco. 

Norman Goddard, Art Ayers, Frank- 
lin Rose, Basil Russell and Capt. Will- 
iam Boyle won in flying contests during 
the dedication events. Miss Joan Edgcr- 
ton was sponsor for the new field. 


To Study Capital Airport 

WASHINGTON, D. C.— The Repre- 
sentatives and Senators who are to serve 
on the joint congressional commission to 
study the local airport situation include 
Representative Zihlman, Maryland ; Un- 
derhill, Massachusetts; Nelson, Maine; 
Wright, Georgia; Oliver, New York, and 
Senators Bingham, Connecticut; Van- 
denberg, Michigan; Jones, Washington: 
Black, Alabama; Tydings, Maryland. 
The commission was created by the 
Vandenberg joint resolutions which calls 
for a thorough study to determine the 
needs during the next 25 yr., of the 
Federal and District Governments in 
connection with a municipal airport. 
Hearings are scheduled to start on the 
project about April 1, it is reported. 


Field Dedications Scheduled 

MINERAL WELLS, TEX.— The new 
100 acre municipal airport here will be 
opened formally April 6 and 7. with an 
air meet which is expected to attract about 
40 pilots. Amon Arnold has been appoint- 
ed manager of the field. 

OTIS, COLO. — This town was sched- 
uled to dedicate its new civic airport of 80 
acres today, March 16. The tract is lo- 
cated one and a quarter miles north of 


Holmes Airport Opens 

NEW YORK, N. Y. — About 50 acres 
of the Holmes Airport, now under develop- 
ment at Jackson Heights, will be available 
for public use March 16, the promotors 
have announced. The entire tract includes 
about 220 acres. A dedication program of 
flying was arranged by the Gates Flying 
Service which will operate at the field. 

Curtiss Plans Denver 
And Kansas City Units 

KANSAS CITY, MO. — Announcement 
has been made here by officials of the 
Fairfax Airport Co., operators of Fair- 
fax Field, that the Curtiss Flying Service 
has selected that field as the base of op- 
erations for a unit of its organization. 

Ray G. Sparks of this city has been ap- 
pointed manager and will head all the 
Curtiss operations, including a flying 
school, aerial taxi service, aerial photo- 
graphy and mapping service, sales service 
of airplanes and parts and a department 
for the overhauling of planes and engines. 

About $225,000 will be spent by the 
Curtiss group in developing the base, ac- 
cording to R. F. Craig, manager of the 
Fairfax Airport Co. 

Reported plans call for the immediate 
erection of two steel and brick hangars 
each 100 by 100 ft. and a two story an- 
nex, 22 ft. wide, running the entire length 
of the hangars for offices and class rooms. 
A dormitory is proposed, also. 

A $40,000 airport, flying school and air 
taxi line will be built in Denver by the 
Curtiss Flying Service, Inc., in June, ac- 
cording to an announcement by Maj. Bruce 
Kistler, commanding officer of the Colo- 
rado National Guard flying squadron. The 
Denver branch of the company will cover 
territory between El Paso, Tex., and 
Montana. The airport site has not been 


Airports Proposed 

WASHINGTON, D. C.— The follow- 
ing 32 communities have announced plans 
to establish airports : Huntsville, Ala. ; 

Azusa, Cal.; Point Washington, Fla.; At- 
lanta, Ga. ; Jacksonville and Chicago, 111.; 
Culver, Ind. ; Hiawatha, Kan. ; Wiscas- 
set. Me. ; Cambridge, Md. ; Berkeley, Bir- 
mingham, Clawson and Royal Oak, Mich. ; 
Natchez, Miss.; Brooklyn, Chatham, Hicks- 
ville and Liberty, N. Y.: Rich Square, 
N. C. ; Sterling, O. ; Louisiana, Mo.; Har- 
risburg, Lancaster and Philadelphia, Pa; 
Eagle Pass and Edinburgh, Tex. ; Grottoes 
and Wing, Va. : Cleelum and Kennewick, 
Wash., and Milwaukee, Wis. 


To Add to Texas Service 

FORT WORTH, TEX.— Two more air 
passenger routes will be inaugurated within 
a month by Texas Air Transport, Inc., 
according to an announcement by A. P. 
Barrett, president. The lines will operate 
between Fort Worth, Dallas and Houston 
and between Fort Worth, Dallas and El 
Paso. When inaugurated the lines will 
make a total of three passenger routes 
operated by the firm. The initial line went 
into operation between San Antonio, Cor- 
pus Christi and Brownsville March 9. 
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New Orleans to Ask 
Bids on New Airport 

NEW ORLEANS, LA.— Immediate ad- 
tising for bids for the construction of an 
A-l-A airport on the shores of Lake Pont- 
chartrain, on the outskirts of the city, were 
authorized at a special meeting of the 
Orleans Parish Levee Board recently held 
in the civil courts building. The work will 
include building of a concrete sheet-piling 
bulkhead and filling a site 3,000 by 2,800 
ft. approximately 1.000 ft. from the center 
of the Industrial Canal, at its entrance into 
Lake Pontchartrain, eastward. Bids will 
be received up to 3 P. M., April 8. 

According to A. L. Shushan, chairman 
of the levee board’s airport committee, the 
fill should be completed within five months 
after the letting of a contract. Several 
additional months will be required to per- 
mit the fill to settle and to construct han- 
gars and other appurtenances. Owners of 
summer camps along the lake 3,000 ft. 
east of the canal will vacate by May 1. 

J. A. Thomas and H. W. Waguespack, 
recently appointed to fill vacancies on the 
hoard caused by the resignation of Waldo 
M. Pitkin, and W. D. Gardiner, were in- 
ducted into office at this meeting. Con- 
struction of the airport is being taken up 
by the levee board as a part of plans for 
the general development of a large tract of 
land along Lake Pontchartrain and the In- 
dustrial Canal which joins the lake with 
the Mississippi River. 


Would Place Landing 
Facilities 10 Mi. Apart 

WASHINGTON, D. C. — A suggestion 
for placing landing fields all over the 
country at intervals of 10 mi. in the form 
of a gigantic checkerboard has been made 
here by the Guggenheim Fund. The 
scheme is advanced as a remedy for the 
lack of sufficient landing area, which is 
called one of the two main problems of 
aviation, the other being airplane engi- 
neering perfection which is regarded as 
practically achieved. 

By this checkerboard system, it is de- 
clared, no pilot under conservative circum- 
stances would have to be out of gliding 
distance of landing facilities in case of 
trouble. The land devoted to this project, 
the backers say, would be 1,544 sq. mi., 
or only 3 per cent, of that allotted rail- 
roads and highways. 


Small Airport Train Suggested 

OAKLAND, CALIF. — Construction of 
a miniature railroad for passenger and ex- 
press transportation has been proposed for 
the local airport, and the purchase of a 
miniature railway used to carry passengers 

position in San Francisco in 1915 has been 
suggested to airport officials. 


Florida Mail Increases 
PHILADELPHIA, PA.— About 60 
per cent, more air mail was carried over 
the Atlanta-Miami line in February than 
in January, according to reports. 
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FOREIGN ACTIVITIES 


France Reorganizes 
Civil Aviation System 

PARIS, FRANCE — French civil 
aeronautics have been reorganized into 
three systems or departments— conti- 
nental Europe, the Orient and the Occi- 
dent. Existing companies will cooperate 
in the operation of the department to 
which they are assigned. The Interna- 
tional Air Navigation Co., and the Far- 
man lines will combine for the operation 
of the continental Europe department. 
The Air Union and Air Unio-Oricnt 
lines will operate the London-Paris-Mar- 
seillc and France-French Indo-China 
services. The General Air Postal com- 
pany will operate to South America. 

Changes in the contracts with the 
government and in the subsidies were 
announced at the same time. The 10 
yr. contracts have been extended to 30 
yr. with the reservation by the govern- 
ment that it has the right to buy back 
the air lines at the end of 10 yr. without 
having to pay an indemnity. This reser- 
vation is said to pave the way for an in- 
ternational operating company in the 

A flexible subsidy system has been 
substituted. The allowance henceforth, 
instead of being at a fixed rate as at 
present, will be decreased as the com- 
panies show credit balances for one or 
two fiscal periods. The government will 
subscribe 25 per cent, of the capital stock 
of the companies and to aid them in 
establishing credit will guarantee in- 
terest on authorized loans. Temporary 
cash advances will be made, also. Rail- 
way and steamship companies cooperate 
by taking stock in the air concerns. 


Foreign News Briefs 

The Canadian Department of National 
Defense has agreed to supply and main- 
tain airway beacons between the prin- 
cipal Canadian aerodromes to aid night 
flying in the Dominion. Assistance will 
be given in the equipment of the aero- 
dromes for night flying, also. 

It has been suggested that this year’s 
King's Cup race an annual event of 
considerable prestige in English flying 
circles, be made a race between Croy- 
don and Karachi, India, rather than 
around a course restricted to the United 
Kingdom. 

The Western Australia Centenary 
East-West Race of 2,400 mi. is to be 
staged in the Fall with $5,000 as the 
first prize. The race will be flown in 
six stages and is open to any pilot in 

Sioux Lookout, Ontario, Canada, 
claims to be the second largest operat- 
ing base for commercial aircraft in 


North America, Chicago rating first. 
Western Canada Airways, Northern 
Aerial Explorations, Ltd., and Provin- 
cial Air Service each operate four planes 
a day from this port. 

The International Exposition at Seville, 
Spain, which was to have opened March 
15 with an elaborate aeronautical depart- 
ment, has been postponed to May 7 on ac- 
count of the strict mourning period for the 
late Queen Maria Cristina. 

Tests are expected soon in England on 
what is called the “helicogyre,” a machine 
designed by Vittoro Isacco to rise and de- 
scend almost vertically. It employs huge 
horizontal vanes similar to the Cicrva auto- 
gyro, two of the blades having small en- 
gines and propellers mounted on them to 
increase the revolutions and lift. The de- 
vice is financed by the government. 

Commercial air service between Edmon- 
ton, Canada, and Fort Vermillion, 700 mi. 
away in the Peace River country, was 
started recently. 

Air lines entering Basel, Switzerland, 
handled more than 6,000 passengers last 
year. There was an increase over 1927 
of 33 per cent, in passengers, 61 per cent, 
in mail and 127 per cent, in freight. 


U. S. Leads in Plane Types 
LONDON, ENGLAND — According 
to "Jane’s" 1928 edition of All The World's 
Aircraft, the number of types in leading 
producing countries are as follows : 

Great Britain, 96; Czechoslovakia. 12; 
France, 109; Germany, 54; Holland, 11; 
Italy, 44; United States, 148. The num- 
ber of engine types given are: Great 
Britain, 25; France, 40; Germany, 12; 
United States, 28. The division between 
military and civil types is as follows: 
Great Britain, 60 and 36: France, 74 and 
35; Italy, 31 and 13; United States, 54 
and 96: and Germany, 54, all of civilian 
type only. United States manufacturers 
are unique in specializing on either 
military or civilian craft, for the most 
part, while in Europe manufacturers 
usually build both types. 


Children Carried Free 

MELBOURNE, AUSTRALIA — All 
children three years of age and under 
now may travel free of charge on planes 
of the Australian Aerial Service, if ac- 
companied by an adult. Children up to 
seven years of age may travel alone on 
the planes but must pay the regular 
fare. These arrangements were made 
necessary by the increase in number of 
juvenile air travellers. This company 
has completed 100 per cent, of its 
scheduled trips since its organizations in 
November, 1924, and has had no fatal 
accident. 


Canadian Insurance 
Rates Recommended 

OTTAWA, CANADA — Insurance 
companies in the Dominion have re- 
ceived recommendations covering the 
problem of insurance to those engaged in 
aviation. The recommendations are the 
result of considerable study of the situa-. 
tion by an Aviation Rating Commission 
of the Actuaries Club. The rates sug- 
gested are considered only temporary 
while the study is being considered 
further on the basis of current ex- 
perience. 

Among the recommendations is the 
provision that the extra premium per 
$1,000 for a licensed pilot flying a 
licensed passenger plane between well 
equipped airports and over established 
routes shall be from $15 to $25. The 
same pilot flying only mail would have 
to pay $25 extra. Mapping and forest 
patrol flying for the government in- 
volves only $15 but flic same work for 
a private concern involves $25. A stunt 
pilot or private owner-pilot would not 
be accepted. 

R. C. A. F. regulars and reserves must 
pay $20 and $10, respectively while mem- 
bers of the U. S. Air Corps regular or 
reserve would have to pay $30 and $15, 
respectively, if desiring to be insured 
tinder the Canadian system. Fare pay- 
ing passengers flying over regular air- 
ways between well equipped airports pay 
according to the number of flights con- 
templated. For between 11 and 20 
flights a year, the extra premium would 
be at the rate of $5 per $1,000; 11 to 20 
flights a year, $10; 21 to 40 flights, $15. 
Private owners employing licensed pilots 
must pay $15 to $50. 


Westland Limousine Tested 
YEOVIL, ENGLAND— Pilots of 
Westland Aircraft works, makers of 
military types and the Widgeon light 
plane, recently flight tested the concern’s 
latest product, a tri-engine commercial 
cabin monoplane accommodating four 
passengers, and designed as the West- 
land Limousine. It flies and climbs with 

was built to provide an all-wcatlicr ma- 
chine suitable for feeder line service. The 
first of 28 Wapiti general purpose mili- 
tary machines for Australia was chris- 
tened recently. 


Canadian Imports Jump 

OTTAWA, CANADA— Airplanes im- 
ported into this country from the United 
States during the first nine months of 1928 
totaled 89 as compared with 25 in 1927. 
Imports from England totaled 90 for the 
same period as compared with 6 in 1927. 
The aircraft imports represented an in- 
crease of 390 per cent, over 1927. 
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BUYER’S LOG BOOK 


SIDE SLIPS 


Electric Furnace 

ELECTRIC FURNACES of the 60 Ii. W. circular pit 
type for heat treating airplane engine crank cases, cylin- 
der heads, pistons, and other parts, are now being manu- 
factured by The Electric Furnace Co. of Salem, O. 
These furnaces accommodate circular steel baskets 55 in. 
in diameter and 60 in. deep and have electrical capacity 
for heating to a temperature of 1,000 deg. F., 300 lb. of 
steel and 650 lb. of aluminum in 1J4 hr. The actual pro- 



An electric furnace used for cylinder heads. 
duction and time cycle depends on the analysis of the 
metal being treated. 

These furnaces are equipped with two-point recording 
temperature controllers for automatically controlling the 
temperature of the equipment within a range of plus or 
minus 5 deg. C. 


Power “Dolly” 

PROBABLY THE hardest work in airport operation 
is the handling of planes between hangar and field, and 
usually several attendants are required for this purpose. 
To reduce this operation to a one-man task, the American 
Eagle Aircraft Distributors, Inc., 83 Huguenot St., New 
Rochelle, N. Y., has developed a power "dolly.” 

The power dolly consists mainly of an automobile chas- 
sis and driver’s seat with a crane attached at the rear to 



A photograph showing the use of the power "Dolly.’ 


pick up the tail skid of the plane to be moved. The crane 
is operated by hydraulic pressure from the engine of the 
automobile. It can be raised and lowered without the 
operator leaving the seat and it is designed to accommo- 
date any size plane. . 

This machine was built by C. Robinson, vice president 
and general manager of the company and production is 
planned if warranted by the demand. 


By Robert R. Osborn 

Mr. L. C. M., of I-Iighlandtown, Baltimore, Md., sends 
in a note — “Enclosed please find an extract from the 
Baltimore Sun of January 24 describing a rather unusual 
method of landing : 

THE LEAP 

From the top of the summit — fly : 

Look not down ; look on high : 

Thus without hurt you shall land. 

While faith holds his hand. 


Tlie Intrepid Aviator stopped in the other day to show 
us a news item about a wealthy young chap who is plan- 
ning to make an extended big-game hunting trip in an 
airplane. In describing the equipment he proposes to use 
the article said, “A special vaporizer to convert sea water 
into a drinkable liquid is another feature to guard against 
potential disaster.” The Intrepid Aviator said that this 
was the first inkling he had of the apparatus his boot- 
legger had been using lately, and he was on his way 
around to warn him that it wasn’t drinkable liquid and 
if he delivered any more stuff like that, the potential 
disaster would become a reality. 

The news item about the pilot — big game hunter also 
stated. — “To prepare himself as a first-class pilot he flew 
last year on the European K. L. M. Air Line.” We sup- 
pose he flew the mall a while to get the second class rat- 
ing, after soloing in the First Pursuit Group. 


Mr. J. E. M. of Chicago sends in a clipping and a com- 
ment thereon— “Here’s a note on Mr. Slate’s new airship, 
as described in the rotogravure section of the esteemed 
Chicago Daily News. I suppose Slate has it covered in 
the patents.” The clipping shows a picture of the new 
all-metal dirigible with the caption, “A fireproof dirigible. 
The airship’s framework is of metal and it is covered with 
slate. The picture was taken from the roof of the hangar 
at Glendale, Cal.” ^ 

Aside to W. C. N. of San Francisco: You’ll have to 
blame that slip on the proof-room. We’ve been pointing 
out so many newspaper mistakes lately in this space they 
probably can’t tell our mistakes from the others. 

An interesting news item is called to our attention by 
W. C. of Sacramento, Calif. — “Los Angeles, Dec. 17.— 
An airplane pilot has qualified as a matador without go- 
ing near a bull ring. Engine trouble force Albert Fisher 
to land hastily and he landed on a bull. The bull was 
killed and the plane damaged, but Fisher escaped serious 
injury.” Having seen the wreck a bull made of a friend’s 
plane after he had negotiated a forced landing in the field 
one day, we’d say that Mr. Fisher knew what he was 
doing in landing on the bull and settling the matter at the 
outset. 

***** 

The latest report by the Aeronautical Chamber of Com- 
merce stating that commercial aircraft production in 1928 
had increased 140 per cent, appeared at nearly the same 
time as the report from Curtiss Field that a student there 
had washed out three ships in one bad landing, indicating 
that the crash rate has increased 200 per cent. 
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A Wedge 

T HE rapid growth of the aviation industry that has 
given wings to man is thrilling the entire universe. 
To the multitudes who will fly tomorrow, the first and 
greatest demand is safety. 

Your assurance that instrument efficiency and precision, 
those hidden sentinels of air safety, are conscientiously 
built into every Consolidated instrument must rest in the 
manufacturing process. Not only must the highest quality 
materials be used, but each step must be expertly super- 
vised and every instrument part, no matter how tiny or 
intricate, molded and polished to perfection. 

To guarantee to the aviation industry that Consolidated 
instruments shall contribute their utmost sharein aviation's 
campaign to make flying safe, the Consolidated Instru- 
ment Co. of America, Inc., has joined hands with J. P. 
Friez and Sons, Inc. of Baltimore, Md., for more than a 
half century manufacturers of U. S. government weather 
bureau instruments of every conceivable type, Aircraft 
Control Corp., Philadelphia, Pa. and the Molded Insula- 
tion Co. of Mt. Vernon, N. Y. 

The combined resources and facilities of these out- 
standing instrument manufacturers will be devoted to 
supplying the aeronautical industry with the most com- 
plete line of precision-built instruments ever produced. 

ISXTiUmiiSTX 


M. E. Hulse, 539 1 Broadway, Oakland. Calif. 

95% OF ALL U. S. COMMERCIAL AIRCRAFT USE CONSOLIDATED I NSTRliurMTc 
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HE following airplanes were rigged and 
serviced by Air Associates’ mechanical 
staff at the New York Aviation Show: 


Lockheed “Air Express” Travel Air Biplane 

Eaglerock Biplane Stinson Junior 

AIR ASSOCIATES, me. 

Curtiss Field, New York 
(In April: Chicago Municipal Airport) 




Honing AVIATION 



■CINNER 

AIRPIANI MCfCRS 


C Y LI INI DEC 


OO HORSEPOWER 
APPROVED TYPE 
CERTIFICATE NO. 3 




KINNER AIRPLANE AND 


CORP. GLENDALE. CALIF. 
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T HE enthusiasm of experienced pilots and instructors who have flown the 
Mohawk "Pinto" i* a self-evident tribute to the all-’round practicability of 
this hght, low-winged monoplane. They recognize, (rom the design, construction 
and operation, that it combines safety, dependability, handling case and economy 
to a greater extent than any other plane in its class. It is proving its worth as 
a training plane, and in every day use for business and pleasure. 

Valuable Territories are still available ior responsible dealers. Wire or write 
for complete information about the Mohawk Sales Franchise. 

CORPORATION 

2607 Delaware St. S. E., Minneapolis, Minn., U. S. A. 

U. S. DEPARTMENT OF COMMERCE APPROVED TYPE CERTIFICATE NO. 9S 
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Increase 
the visibility of your plane 


Color — rightly handled — will in- 
crease the visibility of your 
plane. Consult Sherwin-Williams 
Color Specialists. They will help 
you plan color combinations that 
will actually make your plane 
more readily seen at a distance. 
Moreover, a pleasing color effect 
is now a strong factor in selling 
planes — sometimes surpassing in 
importance even a superior fea- 
ture of the ship’s construction. 
Sherwin-Williams Aero Lacquer 
Enamels are clear, brilliant in 
color, and non -fading. They are 
unrivalled for producing the beau- 
tiful and distinct effects wanted 
on planes today. 


the complete line — including pro- 
tective coatings, primers, var- 
nishes, and dope, as well as Aero 
Lacquers. They find these fin- 
ishes are far superior in lasting 
protection to the plane, in easy 
working qualities and economy 
in the shop. 

Hoxsey — Mch 12 . . . Aviation . . 
Write us for a copy of the Sher- 
win-Williams Airplane Finish 
Color Card. Fill out this cou- 
pon for further valuable informa- 
tion. 

THE SHERWIN-WILLIAMS CO. 
Cleveland, Ohio 

Largest Paint and Varnish Makers in the World 


These Aero 
Finishes are 
leaders in 
quality as well. 
Prominent 
manufacturers 
are adopting 


Sherwin-Williams 



THANK YOU lor mentioning AVIATION 
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in the AntavcticX 


A T both ends of the Earth, U. S. Hammered 
Piston Rings have contributed their impor- 
tant and indispensable parts toward the signal 
success of American fliers ! 

A few short months ago, Commander Byrd was 
making history at the North Pole under extreme 
atmospheric conditions, these rings insuring per- 
fect compression in his engines. And in the last 
few months, both he and Sir George Hubert Wil- 
kins, in the Antarctic, have been safely carried 
thousands of miles on spectacular voyages of dis- 
covery during which their success has depended 
upon the same sterling qualities of U. S. Rings. 

Standard equipment with the leading American 
aeronautical motor builders : Aircraft Engine Co., 
Inc., Alliance Aircraft Co., Curtiss Aeroplane & 
Motor Co., Pratt & Whitney Aircraft Co., Wright 
Aeronautical Corp., and four others, the names of 
which we will shortly announce. 


What we have done in solving piston - 
ring problems for the motors of their 
manufacture we can also do for others. 

“If It’s a Piston Ring, We Can Make It.” 




— HAM M ERE D- PISTON — 

mmmm 
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Every prospect 

is an American Eagle prospect! 


The man who owns an American Eagle 
sales franchise never loses a customer, 
through failure to supply the type of 
plane required. For the American Eagle 
line is a complete line, including all types 
now in demand, and varying in price 
from $1,895 to $18,895. There’s a plane 
for every purse and purpose! 

This is only one reason why the Amer- 
ican Eagle franchise is considered the 
most valuable sales contract in the indus- 
try today. Other advantages are : A liberal 
scale of discounts. There are no higher 
discounts paid by any recognized builder 
in America. A salable product. Famous 


for its structural stability and unfailing 
performance, the American Eagle has 
rapidly become the most popular plane 
in its class. It is nationally advertised — 
known and flown everywhere. Most im- 
portant of all: this franchise carries with 
it the co-operation of a well-known and 
soundly established concern — the first 
in the industry to maintain a road organ- 
ization constantly at the service of its 
sales agencies. 

Certain valuable territories are still 
being held open to dealers and distribu- 
tors who can prove their qualifications. 
Write to us! 


American Eagle Aircraft Corporation 

FAIRFAX AIRPORT, KANSAS CITY, KANSAS 

How To Use Aviation Insurance Protection 
Economically and Advantageously” 


Insurance 

Protection 

Available 


I s the title of our informative brochure. Ask us for a copy. It ed- 
ition and supported by our corps of highly qualified aeronautical 


flying besides long ti 


GOOD SERVICE COUNTS 

paid by our organization than by all other o 


throughout thi 

Lowest Rates-Broadest Coverage-Highest Indemnilies-Quickest Service 




An Open Market 


20 YEARS OF PRACTICAL EXPERIENCE IN AVIATION 

far mentioning AVIATION 







The front end 
of a ^ plane 
is like the hind 
end ofr 


mule 

jgUT^the same people who will care- 




Anchor 

CHAIM LINK 

\Jenced- 


(Illustration is half size) 

BALL INCLINOMETER 

EMIL DAIBER 

3255 West 86th Street Cleveland, Ohio 


aviation 



“We 
are 
quite 
sure that 

HASKELITE is SUPERIOR”-Cc.s.sna 



The above evidence of HASKELITE 
quality is contained in the following letter 
received from the Cessna Aircraft Com- 
pany of Wichita, Kansas: 

“The Cessna Aircraft Company uses 
HASKELITE exclusively in the manufac- 
turing of Cessna monoplanes. 

"We are quite sure that HASKELITE 


o any other product n 


is the pioneer HASKELITE. 


booklet of 1 
aircraft will be sent on requei 
and aircraft manufacturers. 



Haskelite Manufacturing Corporation 
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Our Enrollment Doubled — And Now, Our 
Training Facilities are Trebled — to 
Maintain the Bennett Standard of 
Complete Instruction for the 
Big Classes of 1929 

Be a U. S. Transport 

PILOT months 

Ir~== SHSSs 

mMmmmEm 

. N " '»■' «» "U1 ..l.tl.r'i 


PAY PLAN 


r i-n.-£r£ 


2t«T 


92 o 8 to 1 

A pair of two inch Gruss 
Air Struts weighs 14 
pounds. It will sustain a 
static load of 1,300 
pounds. 

OUR ENGINEERING 
DEPARTMENT IS AT 
THE SERVICE OF 
ANYONE DESIRING 
INFORMATION 

Aeronautical Division 

GRUSS 

Air Spring Company of America 

220 Ninth St, San Francisco, Calif. 


The NEW Home of 
Thorough Training 


Passenger Preference— too ! 
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Manufacture of the Eajlrrock 

Room 401. Alexander Industries Bldg., Colorado Springs, Colo. 


WHAT THIS 
PILOT KNOWS 


The ambition of every flying student 
is to be able to handle a ship alone in 
the least time possible. Purchase of 
Clevenger’s “Modem Flight” is a long 
step in that direction. 


SAVES YOU $50 

when you LEARN TO FLY 


STUDENT PILOTS and young 
men about to enter the game can 
cut doztm the number of hours 
usually necessary before soloing 
through the wise investment of 
One Dollar. 




|Notrus Hangars | 


S3 as£ sj-aa s s sr c "“ 


5 N0TRUS HANGAR! 
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Union 
Special 
Sewing Machines 
for upholstery operations 

produce the double locked stitch which gives the 
maximum of strength and security as well as elas- 
ticity and durability. The types of Union Special 
Machines used for aircraft upholstery operations 


many applications ir 
manufacture. 

Style 6600H is especially adap 
imitation leather and fabric cusmons. n nanaics n 
materials, and is equipped with an accurate anc 
cient feeding device. Varying thicknesses of lei 
may be handled easily, producing perfect work. 
Samples of the work performed on style 6600H will be 
sent upon request. Our engineers will gladly cooperate 

Tn^sTHaTl” ln 50lV '" 8 °" y Prl ' CmS inVO,V '" g 
UNION SPECIAL MACHINE CO. 
400 iy. Franklin Street 
Chicago, Illinois 


KNOW THESE NAMES? 
BERLINER- JOYCE 

AIRCRAFT CORPORATION 

OFFICES: Hearst Tower Building, BALTIMORE, MD. 

New BE? 


— on account of the taper thread 



—it cannot 
come loose 


MACWHYTE 

SAFE-LOCK 
Terminals for TIE RODS 

Made by 

Macwhyte Co., 2905 Fourteenth Ave., Kenosha, Wb. 
Makers of 

Streamline and Round TIE RODS 


■ TITAN I NE- II 

Registered Trade Mark 

A Complete Range of 

AIRPLANE FINISHING MATERIALS 

Dope-proof paint, black, white, aluminum or grey; 
Clear nitrate and acetate dopes; 

Ti-Two colored one-material dope; 

Pigmented nitrate dopes; 

Flexible wing lacquer; 

Wood and metal lacquer (for inside and outside finish) 

TITANINE, Inc. 

Union, Union County, New Jeney 



the mechanic forgot to put in. It will be used to fasten 
the left wheel bolt on KITTY HAWK No. 24. Will 
you be the lucky purchaser? 

BOURDON AIRCRAFT CORP. 

Hillsgrove, R. I. 
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Look Ahead with Austin! ■+202*- 


PITCAIRN 

AIRCRAFT 


For Air Mail use , , , , SUPER MAILWING 


For Sport or Private tise - > SPORT MAILWING 


Aeronautical Supplies 


NicliolaS'Beazley 

A irplane tonipaiiy Ii icXCjjf 


WE MAKE 

on our automatics, thousands of parts of 
alloy steel, hardened and heat-treated to 
meet the most exacting service. 

Do you AVIATION PEOPLE need 
products of such quality? 

If so — let’s get together. 

STANDARD PRESSED STEEL CO. 

Jenkintown, Pa., Box 528 


FLY A 

C33VHBBK 


establish a gauge by which you can measure 
the performance and stability of other good 
airplanes . . . The nearest dealer will gladly 
afford you this opportunity. 

Star Aircraft Co. 

BARTLESVILLE, OKLAHOMA 


Crash 


WENDELL P. MILLER 

AIRPORT DRAINAGE* ENGINEERS 

and Constructor^ ^ ^ columb o 
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SERVICE 

plus the other known 
qualities of 

AQUATITE 

Waterproof Plywood 

appeal to the manufacturer when he 
must make delivery on time. Why not 
tie up with the 

CRESCENT PANEL CO. 

Louisville, Ky. 


WE MAINTAIN A STOCK OF STANDARD 
SIZES FROM WHICH IMMEDIATE DELIVERY 
CAN BE MADE. 


P LY C O R 

Birch Aircraft Plywood 

Highest Standard of Quality 

Ih?c"kn“ r ..«.: 0 / 5 ") (1/20 (3/M") (l/MT) (S/«4"j 
Standard .ire .heeti: 1000 mm. z 1200 mm. (40" z 48") 

PROMPT SHIPMENT FROM STOCK 


THE PLYCOR COMPANY 

CHICAGO, ILLINOIS 
1524 So. Western Avenue 





Easy adjustment 

The Bendix-Laddon Wheel and Ben- 
dix 2 -Shoe Servo Brake form this 
compact unit. Adjustment is simple; 
entirely from outside. 

Now in production in standard sizes 
( Fully protected by patent, and application, in U.S.and abroad) 

BENDIX BRAKE COMPANY 
general Offices and Plant: South Bend, Ind. 

BENDIX @ BRAKES 

FOR. SAFETY 


Aviation Protection, Inc. 

Insurance Brokers to 
Aviation 

110 William Street 
New York City 

Telephone : Beekman 8184-8185 


(Jot?! PERRY-AUSTEN 


DOPES 



Clear 

Pigmented 


Perry-Austen Clear Acetate Dope 

Tht Lotting Undercoat 


The Best Finish { U«<W»«-Onr Char Acute 

l Uppercoats — Oor Pigmented Dopee 

PERRY-AUSTEN MFG. CO. 

Contractors to United State. Government 


Main Office and Works: Grasmere, Staten Island, N. T. 
TeL: Dongan Hills 797 

Chicago: 510 N. Dearborn St. Tel.: Superior *948 
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HardKnocf$ 



Swallow AirplaimeCd. 

WICHITA. KANSAS 


Used Wright 
j4andj 5 Engines 



We have a few Wright 
J4 and JS engines which 
have had from 200 to 
1200 hours of service. 
These engines have all been 
overhauled and tested by 
Wright Authorized Dealer 
and are ready for immedi- 
ate use. Complete logs are 
available and prices will 
be quoted on individual 
engines in accordance with 
actual number of hours 


Stout Air Services, Inc. 

P. O. BOX 86 DEARBORN, MICH. 


Oiemens 

ENGINES 

80 — 115 — 125 H. P. 
Direct from 
Manufacturer 

Service, communicate with 

K.G. FRANK 


Siemens & Halske A.G. 



Have you seen 
The 21 
The 4I 


four passenger cabin 
seven passenger cabin 


FAIRCHILD 

AIRPLANES 



PARKER TUBE COUPLINGS 


Are in demand in Power Plants 
or wherever high pressures and 
temperatures require more secure 
piping. Available in correct sizes, 
shapes and metals for every Power 
Plant requirement. 

SEND FOR LITERATURE 


The Parker Appliance Co. 



THANK YOU fi 
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A Complete, New Catalog 



of Tycot Altimeters, Flight Test and Meteoro- 
logical Instruments every pilot and airport 
official should have. We will mail you one free 
upon request. 

Taylor Instrument Companies 

ROCHESTER, N. Y., U. S. A. 


SEAMLESS 

STEEL TUBING 

All Aircraft Grades 
Warehouse stocks for immediate 
shipment in any quantity. 

Mill shipments for substantial 
production requirements. 




Four dollars per year. Canada, five 
dollars. Foreign, six dollars. Single 
current copies, twenty-five cents. 
Back numbers, twenty-five cents. 
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AIRCRAFT SERVICE DIRECTORY 


i^Cour Advertisement 

on page 666 and 667 of Mar. 2nd issue 

PIONEER INSTRUMENT COMPANY 

3 54 LEXIH6T0N RVE-BROOKLYH NEW YORK 

TRIUMPH 

FUEL GAGe£ 8 FOR AIRCRAFT 

™ MODgLS^POR com. 

THE BOSTON AUTO GAGE COMPANY 

PHT88TKLD. MASSACHUSETTS 

STEARMAN, STINSON 
AND MONOCOUPE 

GEO. A. WIES, Inc. 

Hangar and Office Garden City 

Curtisi Field New York 


. a . Eastern Distributors 

A 1 fc. LOCKHEED “VEGA" 

^nuoo^^IfBou.0 1 ^; 

SHOWALTER-ASSOC1ATES 


ft 

^ehummJln^itects 'Engineers 

Suite 247 Write or Wire 


V- 

Black & Bigelow, Inc. 


Addington Aircraft Co. 
SWALLOW DISTRIBUTORS^ 

P. O. BOX 82 "mINEOLA. N. Y. 

Hangar SO Curtiss Feld 

Our 

AUni^CTDIV 

LUDINGTON PHILADELPHIA 
FLYING^ SERVICE^ Inc. 


SKINNER & COOK - BUILDERS 

280 MADISON AVENUE NEW YORK 

OLE FLOTTORP’S RECENTLY 
DEVELOPED^ PROPELLER 

.FLOTTORp’ PrSpEM^FR* CoKpsJVY^ 

Unit Heaters P«i"g “tin Hangars 

The Modern or Factories, Young 

Scientific Method Unit Heaters are 

Young Radiator Co., Racine, Wis. 



FLYERS INCORPORATED 
ALBANY AIRPORT, N. Y. 

STRESS ANALYSIS 

AIRPORT CONSULTANTS 
PRODUCTION ENGINEERING 

HUGH L. THOMPSON CO. 

130S Waldheim Bldg. Kansas City, Mo. 

GARDNER 

PROPELLER 

WORKS 

FOREST PARK ILL. 



AIRPLANE SPRUCE 

Ls rare assortment of Win dried Spruce, graded 

FRANK PAXTON^ LUMBER* CO. 

KANSAS CITY. KANSAS 

BRAND 0X5 NEW 

MOTORS 

DUAL IGNITION - HIGH COMPRESSION 
F. C. TANK, 271 First Ave.. Milwaukee, Wle. 

PHENIX NITRATE CLEAR DOPE 




Different — Advanced — Superior 
“MONOID” Propellers 

patented tipping method. maL “MONOID” 

AIRPLANE SPRUCE 
J. V. G. POSEy’X* COMPANY**" 

Public Service Building PORTLAND, ORE. 

Edward A. Stalker, 302 Eng. Bldg. 

AIRPLANE DESIGN 
Stress Analysis 
Performance Tests 
Aerodynamic Investigations 

Ann Arbor Michigan 

SEAMLESS STEEL TUBING 

THE CLEVELAND TOOL & 
SUPPLY COMPANY 


»— 0X5 New 

D„„, , MOTORS 

F. C. TANK, 275 - 1st Ave., Milwaukee, Wis. 




THANK 
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WHERE 

TO FLY 

CMorni* Georg , a 

Maryland 


PACIFIC TECHNICAL 
■“«— UNIVERSITY 

HOME STUDY COURSES 

AIRPLANE DRAFTING 

AIRPORT MANAGEMENT 
AERONAUTICAL ENGINEERING 


FLIGHT INSTRUCTION 



MAHONEY-RYAN 
AIRCRAFT CORP'N 

Builders of Col. Lindbergh's "Spirit 
of St. fe««£ give complete flyin^m- 

SAN DIEGO. CALIFORNIA 

District of Columbia 

Potomac Flying Service 
School of Aviation 

Hoover Field, Washington, D. C. 
COMPLETE FLYING AND 
GROUND COURSES 
Individual Attention — Easy Paymen 
Plan — Modern Equipment — Militar; 
Trained Pilots— Washington’s Oldes 
and Best Flying Field 


PITCAIRN AVIATION of 
GEORGIA, Inc. 


10* HOUR FLYING^ COURSE, coedi 
Phc^nT^oJ'owfni?. 1 No"l£bUlty bond 
Write for DeUllt 

Land Title Building 

PHILADELPHIA 


LEARN TO FLY 


MASSACHUSETTS AIRWAYS CORPORATION 

ALEXANDER EAGLEROCK BIPLANES 
RYAN MONOPLANES 


Illinois 

Michigan 

Learn to Fly at a Midwest 
Airways Corporation School 

LEARN TO FLY IN DETROIT 

planel" 

Under the direction of John H. Livingston 

HARRY ANDERSON 

•t^^ors^^lL^'ffooraooth^Ilhf'si^ 1 Water- 


Minnesota 

wejteed pilots loathe' pjancs we S. 


in the central ststes. 

1 MID-PLANE FLYING SCHOOL j 

MIDWEST AIRWAYS ^CORPORATION 

| Universal Aviation Schools E 

Illinois 


Eagle Airport School of Aviation 

|-O^I ’™ 3 “ 

Learn to Fly^at^our'' np^to^date school at 

■ UNIVERSAL FLYING SCHOOL | 


; Universal Aviation Schools p 
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WHERE TO FLY 


Missouri 



FLY AFTER 10 HOURS— Commercial Training 



FLYING SCHOOL OF THE 




LUNKEN AIRPORT, CINCINNATI, O. 

Neu> Jersey 

or 


NEWARK AIR SERVICE 


Illustrated Folder on Request 

LEARN TO FLY! 




toMr^or.’^inl'i'^t^V"' 

The fact that schools 

Pennsylvania 

NEWARK METROPOLITAN AIR PORT 

advertising in the 
WHERE TO FLY 
section of AVIA- 
TION have done so 


PITCAIRN AVIATION of 
PENNSYLVANIA, Inc. 




Neu> Jersey 

over a period of years 


10-HOUR FLYING ^COURSE. 4-way By- 

AIRVIEW FLYING SERVICE, l.c 

is one of the best testi- 
monials to the effi- 
ciency of this type of 


Write for Wuitreted Booklet 

Hangar Space at Reasonable Rate# 

advertising. 


Land Title Building 
PHILADELPHIA 

New Tort 


South Carolina 

^^CURTISS FLYING ^SERVICR Inc. ^ 

^£W'-SrZ‘Zn?!.°d 

mer'c^'phoo^'GirdJn^ty^SS' C ° 1 ”’ 

To the list of old 
established schools 
using these pages we 
are weekly adding 


PITCAIRN AVIATION of 
SOUTH CAROLINA, Inc. 



10-HOUR FLYING COURSE, coodncted 

North Carolina 


PITCAIRN AVIATION of 
NORTH CAROLINA, Inc. 

LOWEST RATES 



10- HOUR FLYING COURSE, conducted at 



PHILADELPHIA 


Virginia 

hr ^thi. Company.^ All. year-round school 
Writ, for Det.il, 

Land Title Building 

PHILADELPHIA 



PITCAIRN AVIATION of 
VIRGINIA, Inc. 



10-HOUR FLYING COURSE, ^OTdoctod 

^^S m ^tata r °Oroitags.' q N? n tabfliti 
Write for Delsili 
Land Title Building 
PHILADELPHIA 

Ohio 



Dungan School of Aviation 

: 

n .n.DUNGAN AIRWAYS, INC.^ 
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Searchlight Section 
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FOR SALE 
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Searchlight Section 


Index to Advertisers 

( Continued ) 




HELP WANTED 


gg^MjaS' gA;-s.a bs: 

gg! 5 ^^ 

5 ? 5 gg^ 
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POSITIONS WANTED 
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ffgsay^ 

EQUIPMENT WANTED 
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S“a »..»,," J w-A:si,^",5!'a s-®. « 
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Electrical Circuits 



must lie 

Shielded for Radio 



I F radio equipment is to be installed in 
your ship, and every plane should be 
structurally prepared for it, the electrical 
circuits must be properly shielded to in- 
sure satisfactory reception. 

The time to shield these circuits is when 
the ship is wired originally. 

Our aeronautical research and develop- 
mental department is established for the 
specific purpose of serving the industry. 
Radio shielding is one of its most im- 
portant functions. 


We manufacture a complete line of 
electrical cables for aviation purposes. 


Shielded harnesses to n 
ments are assembled 
for installation. 



LARGEST EXCLUSIVE MAMFAITIREII OF AUTOMOTIVE 


THANK YOU 
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Fundamentals of Airplane Fitting Design 

By Richard C. Gaslcy 

Aeronautical Engineer, Department of Commerce 

Welding Aluminum and Its Alloys 

By W. M. Dunlap 

Metallurgist, Alumntm Company of America 

Patents Issued 
Technical Reviews 
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Aeronautical Engineering Section 


Fundamentals of Airplane 
Fitting F)esign 


F ITTINGS form a much more important part of air- 
plane design than a casual consideration would tend 
to reveal and deserve more attention than is usually 
accorded them. They are nearly always in such positions 
that failure of one would wreck the airplane. They are 
necessarily points of concentrated stress and must dis- 
tribute heavy local loads properly into adjacent structural 
members. 

In addition a fitting is usually of such a complex shape 
as to be the most difficult part of the airplane to analyze. 
It almost never fails in the obvious or expected manner 
but twists and distorts with consequent shifting of the 



Fig. 1 — Diagram illustrating an eccentric moment in fit- 
ting attachment. Member D is eccentric by the distatice X 
in the drawing. 

applied loads. Because of these facts fitting design has 
a tendency toward the arbitrary. Empirical methods and 
formulae are the most satisfactory means of analysis and 
design but their application must be tempered with judg- 
ment and a diversified knowledge of the subject. 

A complicated fitting can present so many problems 
simultaneously that its design takes on all the aspects of 
attempting to witness a three-ring circus. There are, how- 
ever, a number of fundamental principals which always 
apply, and a thorough appreciation of these fundamentals 
is essential to the design of safe and satisfactory airplanes. 

Perhaps the most axiomatic of these fundamentals is 
the principal of concentricity. It is important that a fit- 
ting be so designed as to join the neutral axes of its 
structural members at a common point. This is not al- 
ways possible, of course, and in such cases due allowance 
must be made for the moment which results from the 
necessary eccentricity. An eccentric moment tends to ro- 
tate the fitting. This tendency must be restrained by the 
structural members to which the fitting is attached. Near- 
ly always the members in question have been designed 
with only sufficient strength to withstand the maximum 
axial loads which may be imposed upon them. If the 
eccentric moment and this maximum axial load occur 
simultaneously the member will be overloaded and may 


fail. It sometimes happens that the eccentric moment 
alone is large enough to cause failure. 

This point which appears to be so simple as to be ob- 
vious is entirely overlooked in a surprisingly large number 
of instances. Fig. 1 will present the idea more clearly. 

Members A and B are longerons. C and D are mem- 
bers of the fuselage side truss. Member D is eccentric 
by the distance X. 

The load in member D is Pa. 

The eccentric moment is the P&X. 

This moment will be divided between members A, B, 
C and D in proportion to their respective moments of 
inertia, provided they are all of the same material. Each 
of these members should therefore be investigated for the 
effect of its share of the eccentric moment plus the simul- 
taneous axial load acting upon it. 

There is a proviso to the above example which intro- 
duces another principle of fitting design. That principle is 
the fact that no fitting is of any value unless properly at- 
tached to the structural members which it is intended to 
hold together. If the joint in Fig. 1 were riveted, the 
rivets holding member C might be so spaced or so few as 
to be incapable of carrying any appreciable rotating mo- 
ment. In that case almost the entire moment would be 
borne by the remaining three members which are more 
rigidly attached. 

It occasionally happens that the method of attaching a 
fitting weakens the member to a figure below its design 
strength. This could be caused by drilling too many holes, 
by burning or annealing during the process of welding, or 
by placing the centroid of the attachment eccentric with 



Fig. 2 — Illustrating an improper attachment between a 
wing spar and a lift strut. 


the neutral axis of the members. Of these three the last 
mentioned is the most common and sometimes bring about 
a dangerous situation. 

Fig. 2 illustrates an improper attachment between a 
wing spar and a lift strut. It will be seen that bolts 1 
and 2 carry most of the imposed load and that bolt 4 is 
practically useless. Unless bolts 1 and 2 are strong enough 
to carry the entire load, without causing undue elongation 
of the holes, the joint will fail. 

A prevalent example of inefficient fitting attachment oc- 
curs in cases where spar fittings are attached by means of 
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vertical bolts through the spars. This method removes 
material from the spars in such a manner as to effect ap- 
preciably their moment of inertia. In wood spars it has 
been found necessary to make the fitting wrap around the 
spar to prevent splitting when vertical bolts are used. 
When the extra weight of the box is considered, and the 
difficulty of fitting it, one believes that a different type of 
design could be used to better advantage. 

These points may, of course, be foreseen by any de- 
signer who remembers his theories of mechanics and they 
usually are. One factor, however, which is not universally 
known and has been disclosed by service operations, is 
the effect of vibrating or reversing loads upon joints. 

It has been found that bolted joints, unless reamed to a 
perfect fit and provided with ample bearing area, will in- 
evitably pound out in a surprisingly short time under re- 
versing or repeated loads. Once the holes begin to enlarge, 
of course, the process accelerates and frequently the fitting 
either breaks out or becomes dangerously weak before it 
is noticed. This is so invariably true that no pains should 
be spared in the design and assembly of such joints in 
order to prevent an occurrence of this nature. 

The writer believes that this point cannot be over- 
stressed and that its importance is not fully realized be- 
cause a number of cases of sloppy initial fits and insuffi- 
cient bearing area in bolt holes have come to light. In 
one case the owner of a plane which had only been in 
service a few hours complained that he could not keep 
the wings in proper alignment, even though he was con- 
stantly adjusting the wires. Upon investigation it was 
discovered that he was rapidly pulling the bolt out of one 
of his wing fittings. The bolt hole had been drilled care- 
lessly in the first place and its original oval shape had 
allowed the bolt sufficient space in which to pound it to 
larger proportions. There was enough bearing area under 
the bolt in this instance to withstand the design load in a 
static pull but not enough to guard against repeated 
stresses. Lieutenant-Commander Richardson, who is in 
charge of the U. S. Naval Base at San Diego,, said, in a 
recently published article, “Designers are invariably op- 
timistic regarding the bearing strength of their fittings 
— the repair of fittings, in which holes have become elon- 
gated, is a major item in maintenance.'' 

Require 20 Per Cent. Margin of Safety 

In all cases except such extremes as float attachment 
fittings a satisfactory situation will result if a calculated 
margin of safety of 20 per cent, is incorporated in the 
fitting and the bolt holes are carefully reamed to size. 
Float attachment fittings unfortunately fall into the class 
for which design loads are impossible to calculate with 
any reasonable degree of accuracy. The indeterminate 
nature of the load imposed upon floats and float gear, and 
the severity of the application of these loads, combine to 
render the design of this unit highly arbitrary and subject 
to revision if actual operation in a particular case is un- 
satisfactory. The fittings in float gear have been the 
worst offenders in the matter of elongated holes and it 
has been found here that very carefully reamed bolt holes 
are the only alternative to excess fitting weight. Although 
this offers a good example of the effect of repeated or 
reversing loads the magnitude of the imposed loads is not 
calculable so that we can obtain no quantitative data from 
this source. A series of laboratory experiments along this 
line would be comparatively easy to perform and would be 
of considerable benefit. 

An absolute knowledge of the physical properties of 
the materials actually incorporated in an airplane is an- 
other essential which would appear to be obvious but which 


has been frequently neglected in commercial aircraft, with 
consequent trouble. 

In the case of steel it so happens that the market is 
flooded with so-called "commercial’’ steel, which is being 
purchased for use in aircraft. This grade of steel may 
possess any physical properties which are inferior to those 
of S. A. E. specification 1020. Its physical properties and 
chemical composition are not guaranteed to the purchaser. 
It is, consequently, cheap and popular. Airplane designers 
working with steel plate fittings almost invariably assume 
that 1020 steel, or better, will be used and they design 
accordingly. If the manufacturer purchases a cheap grade 
of commercial steel without specifications and check static 
tests he not only lowers the strength of his airplane but 
may actually make the machine a distinct menace by un- 
wittingly including materials which are brittle or soft or 
which contain segregated grain structures and weakening 
impurities. Unless the engineer bases his strength cal- 
culations upon specifications which the material manufac- 
turer guarantees to and does furnish, he is wasting his 


Selection of Material is Important 

All of which brings up the point of the selection of the 
most efficient material for a given case. Availability nar- 
rows the range of choice to a comparatively few materials. 
At the present stage of the industry an airplane manufac- 
turer must order his materials in comparatively small lots 
and must demand prompt delivery. A material which is 
not in sufficiently common use to be in the regular stock of 
a supply house or mill is prohibitive in cost and takes too 
long to obtain. 

The fitting materials which are in most common use and 
are consequently easily available are aluminum alloy, 
various grades of carbon steel, and some steel alloys such 
as chrome molybdenum and nickel. 

A discussion of the choice of materials is of course in- 
separable from a consideration of the type of construction 
to be employed. Although welded steel plate fittings are 
most widely used there is much to be said in favor of 
forged and cast material. Similarly, the fact that welded 
joints are generally employed does not mean that such 
joints are necessarily superior to riveted or bolted con- 
struction. The following is therefore a rather brief out- 
line of the situation both as to material and type of con- 
struction. 

Carbon steels which conform to S. A. E. specifications 
1015 to 1030 and chrome molybdenum steels of S. A. E. 
specification 4130 are in general use because they lend 
themselves readily to welding. 

All steels are somewhat annealed during a welding pro- 
cess and are chemically injured but some are effected less 
than others. Chrome molybdenum steel is probably in- 
jured less than any other high strength alloy and is con- 
sequently very desirable for parts to be welded, provided 
that little or no machining is required. Machining and 
forming heat treated chrome molybdenum steel is so diffi- 
cult as to be usually impractical. The constant replace- 
ment or sharpening of dies and cutting tools is an ap- 
preciable expense. It is, of course, possible to buy an- 
nealed sheets of this material which will adapt itself very 
nicely both to machining and welding. This would be 
reliable and tough but would possess tensile properties so 
little in excess of those given by 1025 steel that the added 
cost of raw material would not be justified. 

One method which is occasionally adopted is that of 
forming and welding the fitting from annealed alloy steel 
and heat treating the finished product to the desired physi- 
cal properties. This method appears on its face to be 
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logical and good, but actually possesses a number of faults. 

In the first place it is expensive. The heat treatment of 
steel necessitates proper equipment and skilled workmen, 
if performed by the airplane manufacturer, and extra cost 
if done outside the factory. 

The most serious objection, however, arises from the 
fact that heat treatment, particularly of complex shapes, 
causes internal stresses in the fitting which are not wholly 
relieved by normalizing. The external evidence of these 
internal forces is the distortion which frequently accom- 
panies heat treatment. 

Such distortion is also an evil because it involves the 
necessity for straightening the fitting by some means or 
other. If this straightening is accomplished on the cold 
fitting we have the incalculable effect of cold working 
added to the equally incalculable effect of heat treatment 
stresses arid the result is a fitting which is designed to 
carry exactly a certain load but which may be actually 
working almost to capacity before any load is placed 

The above facts apply particularly to alloy steel fittings 
but the effects of torch welding, which is, of course, a form 
of heat treatment, are such as to extend the same line of 
reasoning to all welded steel plate fittings. 

The effect of the unequal distribution of heat coincident 
with welding is to produce internal stress and external dis- 
tortion. These distorting stresses are frequently of suffi- 
cient magnitude to crack the fitting. The writer has seen 
j4-in. chrome molybdenum steel plate split open while 
cooling after being welded into a fitting. In this particu- 
lar case the fitting was scrapped and no harm resulted ex- 
cept the not inconsiderable cost of the fitting itself. If 
the distortional stresses are not quite sufficient to rupture 
the part, the cracks will not develop until after the fitting 
has been placed in service and might escape detection until 
they cause an accident. 

These things occur even in cases where the welding is 
carefully and skilfully done. If the welders are not 
skilled or make an occasional error anything might result. 
The material around the weld may be burned so that it is 
seriously weakened or may not be heated sufficiently to ob- 



Fig. 3 — A typical example of faulty design found by De- 
partment of Commerce engineers in the attachment of ad- 
justing parts to the front spars of stabilisers. 
tain proper fusion between parts. Poor welds may usually 
be detected by very careful scrutiny but there is a consider- 
able element of doubt even in the minds of specialists in 

This uncertainty is the principal reason for avoiding the 
use of welds in pure tension. A tension weld may be 
proved amply strong by static test of a good specimen but 
its tenacity depends entirely too much on the individual 
skill of a welder to make it a safe proposition. As a mat- 
ter of fact several tension welds have recently broken loose 
in commercial aircraft. They were approved by the De- 
partment of Commerce because their failures would not 
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seriously cripple the airplanes but they served as good 
examples of bad practice. 

One of the most recurrent examples of this sort of fit- 
ting has been observed and corrected on approximately 
25 per cent, of the airplane designs submitted to the De- 
partment for approval. On these airplanes the designers 
had attached the stabilizer adjusting post to the stabilizer 
front spar by means of a lug which was butt welded to 
the spar. Fig. 3 shows this dangerous type of fitting and 
a possible remedy. A sleeve should also be placed around 
the spar at this point if it is a thin wall tube in order to 
prevent undue concentration of stress. Two of the earlier 
types of airplanes crashed and several fatalities are re- 
corded as a result of the breaking of one of these butt 
welded lugs. 

Effect of Repeated Bending Loads 

Repeated bending loads, particularly when rapidly ap- 
plied, have a bad effect on welded joints. They appear 
to cause cracks in the material just at the edge of the weld. 
This trouble has been most noticeable in engine mount 
structures and has been avoided by placing gussets at the 

It is well to mention one other peculiarity of this type 
of joint. Two plates of widely different thicknesses are 
difficult to join satisfactorily. When the thickness of one 
piece is more than three times the thickness of the other 
the joint is almost certain to be unsatisfactory even if the 
heavier piece is pre-heated. The difference in time neces- 
sary to thoroughly heat the two parts usually results either 
in burning of the thin piece or insufficient fusion to the 
thick one. 

In addition to these faults torch welding has the dis- 
advantage of not being adaptable to quantity production. 
Of course large quantity production is not in existence as 
yet but it seems to be iminent and an important factor in 
projected designs. 

All of the above statements apply to hand torch welding 
on carbon steel or chrome molybdenum steel plates. Other 
methods of welding are being experimented with. Electric 
welding appears to have some points in its favor. Insuffi- 
cient data exist to form a proper basis for comment how- 
ever because torch welding is almost the universal prac- 

Other materials might conceivably produce better results 
but here again there is very little available information. 

Of the alloy steels, nickel (S.A.E. 2330) does not weld 
satisfactorily and chrome vanadium (S.A.E. 6120) does. 
A few aircraft manufacturers have attempted to carry 
loads by welding nickel steel bolt heads to structural mem- 
bers. This is a very unsatisfactory proposition and can- 
not be counted upon to produce reliable results. 

Aluminum alloy sheet and tubing welds beautifully but 
retains only the strength of soft aluminum after weld- 
ing and cannot then be heat treated satisfactorily. It can 
be used in this way only in places where strength is a 
minor consideration. Fuel tanks and such things are 
sometimes made of aluminum alloy and welded at the 

Fittings of aluminum alloy need to be riveted or bolted. 
Riveted construction introduces a number of problems, 
which, if not properly understood, occasionally lead one to 
the belief that this type of construction is impractical and 
unsafe. It is, as a matter of fact, a reliable means of fab- 
rication and a number of tools now on the market help to 
make it easily adaptable to quantity production. 

There are several features about riveted joints which 
make the exact calculation of their strength impossible. 
Rivets are occasionally imperfect in spite of careful heat 
treatment, skilled heading, and painstaking inspection. 
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Rivets with cracked heads, when discovered, should of 
course, always be removed and replaced with fresh ones. 
Internal imperfections cannot be seen, however, and the 
possibility of their presence introduces a certain element 
of doubt concerning the absolute integrity of the structure. 

Another manufacturing imperfection is introduced by 
the fact that holes in the parts to be joined do not always 
match perfectly. The rivet inserted in the imperfectly 
matched holes will usually not fill the entire space and 
consequently will bear only on one side in one of the 
members. This means that the rivet can carry loads in 
one direction only unless the rest of the group deforms 
sufficiently to allow bearing upon the imperfect one. If 
such deformation takes place it will loosen the rivets and 
hasten the breaking down of the joint under repeated 
or reversing loads. 

This same situation occurs if one of the rivet holes is 
drilled so as to be out of round, or oval in shape, or if 
the drill is not centered accurately and thus makes an 
enlarged hole. 

These things, together with the fact that the imposed 
loads from the attached members are nearly always un- 
avoidably eccentric with respect to the rivet group, intro- 
duce local eccentricities and consequent unlooked-for 
stresses in the fitting. The magnitude of such stresses will 
vary, of course, with the variation of conditions. If, how- 
ever, calculable eccentricities are reduced to a minimum, 
the rivets are properly heat-treated and carefully headed, 
and careful inspection of the finished job is conducted, it 
is safe to say that a calculated strength 30 per cent, in ex- 
cess of the design load will insure a reliable and entirely 
satisfactory fitting. This figure is based upon experience 
gained from reports of a number of airplanes which have 
incorporated this type of construction and is therefore 
purely empirical. About four years ago a well-known 
aircraft factory, in which all details of design and con- 
struction are of the best, discovered that riveted fittings 
which were designed to incorporate only a strength equal 
to the design load were highly unsatisfactory. They did 
not stand up in service. This company then swung to the 
conservative side and strictly observed a rule which re- 
quired all riveted fittings to be designed for 150 per cent. 
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Fig. 4 — Diagram showing a drag wire lug in which rivets 
are made to work in tension. This is another example of 
bad practice. 

of the calculated design load. Profiting by this experi- 
ence, another equally commendable factory has built more 
than one hundred airplanes, with riveted construction, 
upon the basis of 30 per cent, excess and the results have 
been entirely satisfactory. 

Another fundamental rule is that rivets cannot be made 
to work in tension. Fig. 4 illustrates a drag wire lug in 
which this principal is used. One is frequently tempted 
to incorporate such a feature in a fitting but it absolutely 
will not work. The cold working which has been per- 


formed on the rivet makes it very weak at the base of the 
head sothat the head will pull off upon the application of 
only a small load. 

In order to save as much weight as possible it is neces- 
sary to group the rivets as close together as they can be 
efficiently. When rivets are in line with the direction of 
the force the minimum spacing can be easily calculated. 
It should be such as to provide a shearing strength between 
holes which is equal to the bearing strength of the hole 



Fig. 5 — A drawing illustrating the problem of finding the 
minimum permissible spacing between rivets. 


or to the shearing strength of the rivet; whichever is 
the least. An example follows : 

Given the joint in Fig. 5 with % in. aluminum alloy 
The plate is .095 in. aluminum alloy, heat-treated 


thick. To find the minimum permissible spacing between 

The cross-sectional area of each rivet is .0123 sq. in. 
Each one is working in double shear so that its shearing 
strength is equal to .0246 x 30,000 = 740 lb. 

The thickness of both semicircular members is more 
than the thickness of the center plate so that the bearing 
strength of the plate will be critical. The bearing 
strength of each hole in the plate equals .125 x .095 x 
75,000 = 890 lb. 

The shearing strength of the rivet is the lesser value 
and will determine the distance between holes. The shear- 
ing strength of aluminum alloy sheet is 27,000 lb. per sq. 
in. where the sheet is thicker than .0625 in. 

The required shear area between holes in the plate 
740 

=.0274 sq. in. 

27000 

The usual method of calculation is to assume that the 
cross-sectional area between the nearest edges of the holes 
works in double shear. The required distance between the 
.0274 

edges of the holes in the plate is then equal to 

2 x .095 

.144 in. and the distance between centers is .144 -f- .125 — 
.269 in. 

When aluminum alloy sheet is less than .0625 in. thick 
it is advisable to design for a shear strength of not more 
than 20,000 lb. per sq. in. It is therefore necessary to 
check the spacing in the semicircular members. 

Each side will carry half the load. The required shear 


n each side equals - 


370 


= .0185 sq. in. 


The required spacing equals - 


2x.051 


■ .182 it 


The distance between centers of the rivets in Fig. 5 
then^must be at least .182 .125 = .307 = approximately 

The spacing at right angles to the line of action of the 
load may be calculated on a somewhat similar basis using 
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not very greatly below the melting-point, then, when the 
torch is applied to any one point, the additional expansion 
of this will be small and is unlikely to cause distortion. 
However, local preheating must be applied with care, 
especially in castings, for the presence of strengthening 
ribs, or other devices which tend to prevent the free 
expansion of the parts, can possibly lead to fractures 
during the preheating itself. 

The preheating of the whole object is not always pos- 
sible, and in such cases local preheating must be resojted 
to. When total preheating is adopted there is little danger 
of expansion cracks, provided the heating is done slowly 
and uniformly, and that the object is well protected from 
drafts during welding. 

A broken aluminum crank case may be taken as a 
typical example of a cast aluminum job requiring pre- 
heating. A crank case and broken piece are shown in 
Fig. 7. The crank case is thoroughly cleaned and the 
broken pieces clamped in place. The crank case is placed 
in such a position that the crack to be welded is in a 
horizontal plane. A furnace is built about the casting, 
using fire brick laid snugly without mortar. A moderate 



Fig. 7 Fig. 8 

Fig. 7 — A broken aluminum crankcase. Fig. 8 — The same 
crankcase lined up for welding. 

amount of charcoal is placed in the furnace, banking it 
against the walls. The exact amount of charcoal depends 
upon the size of the crank case. Enough should be used 
to bring the casting to the proper temperature in about 
thirty minutes. It is important that the fire be kept 
under control and the casting heated slowly and only to 
a medium temperature. The upper limit should be 850 
deg. F. The two following methods are given for de- 
termining the correct temperature for welding. 

(1) Cold aluminum gives a metallic sound which be- 
comes duller as the temperature is raised. At the tem- 
perature required for welding, there is no longer a metallic 
ring. 

(2) Heat the casting no more than required to leave a 
char mark on it when rubbed with a pine stick. Aluminum 
in this condition is extremely fragile and must be handled 
with great care. 

As a welder becomes experienced in handling aluminum, 
he will at times be able to use a low temperature oil or 
gas burner for preheating. In this case the preheating 
is done locally along the crack, just ahead of the welding 
flame, so that the welding heat will not bring on too 
sudden a rise in temperature and cause further cracking. 

The work should be so supported that the under side 
of the weld is free, in order that the added thickness of 
metal in the weld may form a slight bulge on the under 
surface which can afterwards be dressed down if desired. 
A strip of asbestos which has been previously heated to 
drive out the moisture makes an excellent backing material 
for the welding of aluminum. 

There is no danger of metal falling away during the 
welding, even when the under side is unsupported, unless 
the weld is excessively wide or the thickness dealt with is 
very large, or melting carried too far. 

At times it is advantageous to use jigs to hold the edges 
in proper relative positions. Where work is done in 
production, careful Study of the matter of design aiid 
construction of jigs and fixtures will well repay the effort 


and expense which may be involved in such a proceedure. 

As heat is applied to aluminum its temperature in- 
creases and the metal expands. This fact is very obvious, 
but it is not sufficient to merely recognize and accept that 
fact and then dismiss it from further thought. It is 
important to analyze this phenomenon in detail with the 
object of applying the mechanisms concerned to the actual 
practice of welding. 

The coefficient of expansion is the increase in unit 
length per degree centigrade increase in metal temperature. 
The coefficient of expansion increases with increase in 
temperature and differs for various metals. The coef- 
ficient of expansion of aluminum is about twice as great 
as that of iron and one-half as much again as that of 
copper. That expansion is a definite thing, and that it is 
not some abstract property which functions only theoriti- 
cally is shown by the fact that should bars of aluminum, 
copper and iron, each 1000 ft. long, be heated up to 100 
deg. Centigrade, the iron bar will increase in length about 
13 in., the copper bar about 20 in., and the aluminum bar 
about 27 in. In addition to the volumetric or dimensional 
change due to expansion, there is also the irresistible 
nature of the force which produces this growth. If a 
bar of metal of proper length to just fit in between two 
fixed brackets is heated, the bar will buckle due to its 
tendency to increase in length. Expansion operates in 
all directions. If the bar is hindered from increasing its 
length, it will not assume its new required volume by 
merely becoming thicker like rubber. Of course the bar 
will become thicker due to expansion, but it will also 
increase in length. The forces which produce this ex- 
pansion are atomic in nature and will not be denied. 
Therefore as the metal heats and expands, we must deal 
both with the new dimensions involved and also with the 
tremendous forces which produce this growth. The re- 
verse action takes place as the metal cools and contracts. 

Aluminum, copper and iron melt at different tempera- 
tures. Aluminum melts at about 657 deg. C.. copper at 
1083 deg. C. and iron at about 1530 deg. C. Should each 
of these three bars be heated to their respective melting 
points, the aluminum will be the shortest of the three. 
Therefore, not merely the coefficient of expansion must be 



Fig. 9 — Photograph showing the correct angle of which 
the blozupipe head should be held to the sheet surface. 


considered but also the temperature change, because the 
product of these two determines the total expansion. 

In the above cases it was assumed that the metal was 
heated uniformly. In fusion welding, however, the heat- 
ing is accomplished by applying a torch to one area, there- 
fore the object is not heated uniformly. If a torch is 
applied to the center of a sheet of aluminum, the sheet 
will be heated at that point and the metal all around the 
central area will also be heated, but to a decreasing extent, 
moving farther away from the point of heat application. 
The metal will tend to expand accordingly, the center 
growing more than the concentric area farther away. 
This tendency to grow can be accomplished only by a 
buckle forming in the sheet. If the sheet is perfectly 
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in choosing from the materials which are in use at the 
present time. 

One principal of fitting design which is applicable to all 
types of construction is occasioned by the fact that sharp 
comers are sources of cracks and tears. Such corners 
must be strictly avoided because even small cracks are 
always dangerous. The end of a crack will be a point of 
high stress concentration when the fitting is loaded and 
the crack will spread rapidly to proportions which are of 
sufficient magnitude to cause failure. An excellent exam- 
ple of poor design along these lines was incorporated in 
a recent new design of airplane and is illustrated in Fig. 8. 

The drag wire lug was formed by cutting two narrow 
parallel slots in the main fitting and bending up the en- 
closed strip. The roots of these slots are certain to be 
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Fig. 8 — A drag wire lug formed by cutting two 
parallel slots in the main fitting arid bending up 
the enclosed strip. 


the sources of cracks which would ruin the fitting. A 
good genera! rule to observe is that ail corners should be 
provided with generous fillets. 

In this same connection it is well to remember that 
sheet metal will crack if bent around too short a radius. 
This characteristic is considerably annoying when one is 
attempting to crowd rivets or bolts into a small space near 
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N.A.C.A. Technical Report No. 293. Two Practical 
Methods for the calculation of the Horisontal Tail Area 
Necessary for a Staatically Stable Airplane, by W alter S. 
Diehl. 

This report is concerned with the problem of calcula- 
tion of the horizontal tail area necessary to give a static- 
ally stable airplane. Two entirely different methods are 
developed, and reduced to simple formulas easily applied 
to any design combination. Detailed instructions are given 
for use of the formulas, and all calculations are illustrated 
by examples. The relative importance of the factors 
influencing stability is also shown. 

N.A.C.A. Technical Report No. 295. The Variation 
in Engine Power with Altitude Determned from Meas- 
urements in Flight with a Hub Dynamometer. By IV. D. 
Gove. 

The rate of change in power of aircraft engines with 
altitude has been the subject of considerable discussion. 
Only a small amount of data from direct measurements 
of the power delivered by airplane engines during flight, 
however, has been published. This report presents the 
results of direct measurements of the power delivered 
by a Liberty 12 airplane engine taken with a hub dynamo- 
meter at standard altitudes from zero to 13,000 ft. Six 
flights were made with the engine installed in a modified 
DH-4 airplane. The tests were conducted at the Langley 
Memorial Aeronautical Laboratory of the National Advis- 
ory Committee for Aeronautics. 

The experimental relation of brake horsepower to alti- 


a bend in the plate. The minimum inside radius of bend 
for heat-treated aluminum alloy sheet, for example, 
should be about twice the thickness of the sheet when 
that thickness is less than J^-in. and the bend is as much 
as 90 deg. For greater thicknesses the required bend 
radius increases. This radius varies, of course, with di-. 
ferent materials and different physical properties and 
should be determined and standardized by the designer. 

In fittings which are formed from sheet metal one fre- 
quently sees all sorts of curves and reverse curvatures 
which were incorporated for the purpose of cutting the 
fitting to its actual minimum permissible size in all places. 
In most cases of this sort the edges of the fitting could 
have been cut on more straight lines with very little sac- 
rifice of weight. Straight lines can be sheared whereas 
curves can only be nibbled, ground, stamped, or cut by 
some equally expensive process. It is frequently more 
economical to make the outline of a fitting of such a shape 
as will permit it to be cut by shearing and lighten it with 
drilled holes than to make a complex outline which cannot 
be sheared. 

Another important consideration is that of corrosion. 
Much has been written concerning the corrodibility of par- 
ticular materials so that it is unnecessary to go into detail 
here. In addition to influencing the choice of materials, 
however, this factor influences the actual physical shape 
of a fitting. Any pockets or crevasses will be seats for 
the collection of moisture. The interior of a hollow fitting 
will generally be inaccessible for inspection and periodic 
cleaning and painting, so should be carefully coated and 
hermetically sealed whenever possible. 

There is also the fact that thin gauge materials are 
more seriously injured by corrosion than thicker ones, 
and there are certain minimum advisable thicknesses be- 
cause of this. Steel tubing of less than .035 wall thickness 
is never used in the primary structure of an airplane, 
chiefly because of the corrosion factor. 
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tude is compared with two theoretical relations and with 
the experimental results, for a second Liberty 12 engine, 
given in N.A.C.A. Technical Report No. 252. The rate 
of change in power with altitude of a third Liberty en- 
gine, measured with a calibrated propeller, is also given 
for comparison. 

The data presented substantiate the theoretical relation 
of brake horsepower to altitude based on the correction 
of ground level indicated horsepower, changes in atmos- 
pheric temperature and pressure with the subsequent de- 
duction of friction horsepower corrected for altitude. 
The equation for this relation is 



where P is the absolute atmospheric pressure, T is the 
absolute temperature, n is the mechanical efficiencv of 
the engine at sea level and A is the ratio of mechanical 
friction to friction horsepower at sea level. The sub- 
scripts o and „ denote sea level and altitude conditions, 
respectively. 


N. A. C. A. Technical Report No. 296. Pressure Distri- 
bution on PlV-9 Wing Models From — 18 deg. Through 
90 deg. Angle of Attack. By Oscar E. Looser, Jr. 
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T HE purpose of this paper is to supply information 
on the welding of aluminum and its alloys. A weld 
as defined by the American /Welding Society is “The 
localized intimate union of metal parts in the plastic or 
plastic and molten states with the application of mechanical 
pressure or blows, and in the molten or molten and vapor 
states without the application of mechanical pressure or 

Welding may be classified under three principal pro- 
cesses — forge, pressure, and fusion. The chief differ- 
ence between these processes is that in forge welding 
the weld is in general completed by the application of a 
hammer blow; in pressure welding, by means of me- 
chanical pressure, and in fusion welding, without any 
mechanical means. The temperature at which the metals 
are united also differentiates these three processes, for 
with few exceptions the metals are. in forge welding, in 
the plastic state; in pressure welding, in the plastic or 



Fig. 1 — A longitudinal section of 
a flashback chamber of the sim- 
plest type. 


molten states and in fusion welding, in the molten state. 
Aluminum and its alloys lend themselves most readily 
to fusion welding, and this is the type of welding to be 
discussed in this paper. 

The term “fusion” is thought to be much more appro- 
priate than “autogeneous,” which is sometimes incor- 
rectly used for this type of welding. There are two 
general classes of fusion welding; the first, arc welding, 
which is most commonly used in steel work, has not been 
sufficiently developed for use with aluminum to permit 
using this process as a commercial application. The second 
class, torch or gas welding, is used extensively in the 
aluminum industry. 

Among the methods which are employed for joining 
aluminum or its alloys none is more generally satisfactory 


than fusion welding with the oxy-hydrogen or oxy- 
acetylene torch. In the hands of an experienced aluminum 
welder the process is simple and rapid, and it can be 
applied to metal of all thicknesses. The resultant joint 
is not unsightly, and if necessary the weld can be finished 
off in such a way that it is impossible to detect where 
the joint exists. 

The same types of weld, that is, butt, lap, tee, fillet, etc., 
are made in aluminum as in any other metal. Some train- 
ing will be necessary before a welder can turn out con- 
sistently reliable results with aluminum. This metal has 
distinct characteristics of its own which involve a some- 
what different technique from that required for steel, 
cast iron and other metals. However, this special tech- 
nique is by no means difficult to acquire, for in point of 
fact, aluminum is one of the most readily weldable of all 

Torch welding is applicable both to the manufacture 
of articles from sheet aluminum and to the repair of 
aluminum alloy casting. In these two applications, the 
methods of working are generally the same, though the 
difference in physical properties may involve slight modi- 
fications. Aluminum alloy castings being more brittle 
than the pure aluminum sheet, the danger of cracking due 
to expansion and contraction effects is more serious ; on 
the other hand, pure aluminum sheets are normally much 
thinner than aluminum castings and hence require a more 
delicate handling of the torch. For both classes of ma- 
terial certain precautions are necessary if reliable welds 
are to be obtained. In the following paragraphs emphasis 
will be placed on the principal points to be observed in 
the welding of aluminum and its alloys. 

The apparatus required for the torch welding of alu- 
minum is not different from that required for welding 
other metals, and consists essentially of a supply of oxygen 
and hydrogen or acetylene, with reducing valves and 
safety valves, torches and a series of tips. The oxygen, 
hydrogen and acetylene is usually obtained from cylinders 
of compressed gas. 

A special warning in connection with the use of oxygen 
tanks bears repeating many times. DO NOT USE OIL 
OR GREASE of any kind around oxygen tanks, valves, 
regulators or gauges. In the presence of oxygen under 
pressure, oil will catch fire and burn violently. This 
warning should always be heeded. An operator with 
greasy hands should not handle tanks of oxygen until 
his hands have been thoroughly washed and oily or greasy 
gloves, of course, should never be used. 

A regulator, or “reducing valve” as it is sometimes 
called, is used to reduce the pressure of the gas flowing 
from the cylinder down to any wanted working pressure, 
and for delivering the gas to the torch not only at a 
constant pressure but also in constant volume. The regu- 
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Std — Standard 


N — Navigation lights 

CONTROL: 

A— Arens 
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D — Dual 
De — Wheel 
P— Push rods 
8 — Stick 
PI — Pedal 


Arl— Aerol 
C— Cord 
D — Compression 
Grs— Grusa 
Hy— Hydraulic 
O-Oleo 


P— Pneumatic 
R — Rubber 

RAR — Rusco Aero Rings 
S — Coil Spring 
T— Trombone 


D — Duralumin 
E— Edo 
F— Fairchild 
H— Hamilton 
M — All metal 
W — Wood 

TYPE CERTIFICATE: 

Apl — Applied for and is pending 

GUARANTEE: 

N— New 



AVIATION 
March 16, 1929 


Aeronautical Engineering Section 


XLV 


lators work with a diaphragm-controlled movement and 
are all very much alike. The diaphragm may be made 
of metal or special rubber composition. The gas enters 
the body of the regulator through a small nozzle, that 
closes when the regulator valve is caused to press against 
a composition disk or seat and exerts pressure outward 
on the diaphragm, an opposite pressure is exerted on 
the other side of the diaphragm by a wire spring. This 
pressure is regulated by an adjusting screw. When the 
adjusting screw is turned in it moves the disk seat away 
from the nozzle (in some regulators the seat is stationary 
and the nozzle is moved away) and permits the gas to 
enter the regulator, but as the gas pressure builds up on 
the diaphragm the disk seat is forced back against the 
nozzle and the gas passage is closed for a moment and 
then this action takes place over and over again as long 
as the torch is being used. Hence, a constant balance is 
struck. The regulator can be set to deliver any desired 
available pressure by merely turning the adjusting screw 
in or out a variable number of turns. 

It is evident that the cylinder valve should never be 
opened while the adjusting screw is turned in, that is, 
while the seat is away from the nozzle, as all of the 
pressure in the cylinder would be suddenly transmitted 
against the diaphragm and the valve seat would be forced 



Fig. 2 — A complete assembly of welding apparatus. 


against the nozzle with such a sudden impact as to either 
break the disk or rupture the diaphragm. The composition 
of this disk seat is an important matter. Hard rubber, 
horn, casenite, galalith, bakelite, etc., is used with suc- 
cess. The seat should be soft enough to take an impres- 
sion of the nozzle and thus seat tightly, yet not so soft 
that the nozzle will cut it. On the other hand it should 
be sufficiently hard and tough so that it will not be marred 
easily by grit that finds its way into the inside of the 
regulator, but not so hard that it is brittle and easily 
broken. The diaphragm is composed of either a highly 
tempered non-rusting metal alloy or of rubberized fabric. 
The former has the advantage of long life and non- 
inflammability with the disadvantage of being less sensi- 
tive while the latter has a shorter life but is mort flexible 
and sensitive and can easily be replaced. 

The pressure regulator is an excellent flashback pre- 
vention device. Very rarely does a flashback pass through 
a pressure regulator. However, flashback chambers, which 
are devices to prevent the propagation of flame through 


the pipe lines, should be provided. They generally em- 
ploy a water seal, the incoming gas bubbling up through 
the water. In case of a flashback the water prevents 
the further propagation of the flame. 

A longitudinal section of a flashback chamber of the 
simplest type is shown in Fig. 1 . Fig. 2 shows a complete 
assembly of welding apparatus. The oxygen container is 
shown at A ; hydrogen container at B ; flashback chamber 
at C ; torch at D ; flux container at E. 

A welding torch consists of two tubes, usually inde- 
pendent although sometimes one within the other, one for 
oxygen and the other for the combustible gas. On one 
end of each of these tubes is provided a hose connection, 
a control valve, and a grip. In "head” and “tip mixing” 
torches, the tubes at their other end are silver soldered 
or mechanically assembled into a head in which the tip 
is mounted. Some “handle mixing” torches are so de- 
signed as to eliminate the head, the tip assuming the form 
of a bent tube which is mechanically connected into the 
grip or handle. 

One of the most important factors to be considered in 
the selection of a torch is its relative freedom from 
flashbacks. The Bureau of Standards has made an ex- 
tended study of these phenomena and the results were 
published in a paper by R. S. Johnson entitled “An 
Investigation of Oxy-acetylene Welding and Cutting 
Blow-pipes,” presented before the American Society of 
Mechanical Engineers, May 13, 1921. 

Selection of Tip Sise Important 

The selection of the correct size of torch tip for any 
particular work is practically a matter of experience. 
The tables given are merely a guide for the inexperienced 
welder, since the size of the tip must depend greatly 
upon the shape and size of the object to be welded, as well 
as upon the thickness. The welding of a large tank of 
aluminum will require a larger tip than the welding of a 
small piece of bar of equal thickness, because the larger 
article has a larger capacity for heat and a larger radiating 
surface. Much of the heat applied to the edges of the 
metal to be welded escapes by conduction to remote parts 
of the object, where it is absorbed in raising the tem- 
perature, and part is radiated away to the air. The tip 
must be of sufficient size to melt the edges in spite of this 
continuous draining away of heat. The size of the tip 
will also depend to some extent upon the 6kill of the 
welder, a quick worker will be able to use a large tip 
which in the hands of a slower and less experienced man 
would result in overheating and the formation of holes. 
Table I gives the approximate size of tip and the gas 
pressure to be used when welding aluminum 



Table l 




To light the torch open the hydrogen or acetylene 
needle valve, which is the lower valve on the torch, and 
light the gas with the spark ignitor. Avoid using matches 
or an open flame. When extinguishing the torch the 
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oxygen control valve is always shut off before the hydo- 
gen or acetylene control valve to avoid the possibility of 
burning up the torch tip if it is too hot. 

In practice it is frequently found advisable, if regula- 
tors are not located near the work, to shut off both 
regulators at the same time, and when ceasing welding 
altogether, also the cylinder or pipe line-valves. When 
the foregoing is done, the torch valves should be first 
closed to prevent a waste of fuel and possible dangerous 
escape of gas. The torch valves should subsequently be 
opened for a few seconds to permit escape of gas in hose 
and torch, and closed again prior to putting torch away. 

It is preferable to use any oxy-hydrogen flame when- 
ever it will supply sufficient heat. The oxy-hydrogen 
flame produces a cleaner and more satisfactory joint and 
Supplies sufficient heat for welding metal up to in. in 
thickness. As indicated in the table, a larger tip is used 
for hydrogen than for acetylene on a given gauge of 
sheet. 

Whether using hydrogen or acetylene, the torch should 
be carefully adjusted to show a neutral flame, as this 
gives the best speed and economy, as well as a cleaner 
and sounder weld. The oxy-hydrogen flame is neutral 
when the volumes of the two gases issuing from the tip 
of the torch are just balanced. If there is an excess of 
oxygen, the flame will be rather small and will have a 
very short small cone at the tip of the torch. With an 
excess of hydrogen the flame is long and ragged and 
there is no defined cone at the center. The neutral flame, 
in which the mixture of the two gases is just right, has 
a well defined jet or blue cone in the center of the large 

Four distinct flames are possible with an oxy-acetylene 
welding torch. The first or acetylene flame is intensely 



white, of large volume and smoky at its outer end. It 
is secured by lighting the acetylene gas which burns with 
the oxygen of the air. 

The second or carbonizing flame is secured by opening 
the oxygen control valve, thus obtaining better combustion 
of the acetylene as indicated by the absence of soot. There 
is a small intensely white cone close to the tip surrounded 
by another white cone, both being clearly visible to the 
eye. Outside of these two cones is a flame which is 
nearly colorless and of large volume. 

The third or neutral flame is secured by reducing the 
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amount of acetylene until only one white cone is visible. 
Outside of this cone is a nearly colorless flame of large 
volume. This flame should be used for welding. It is 
not only the hottest flame, but it prevents excessive oxida- 
tion of the molten metal by providing a reducing flame 
envelope. 

The fourth or oxidizing flame is obtained by still 
further reducing the acetylene. The cone is shorter than 
that of the neutral flame. Proper regulation for welding 
is secured when the flame has one cone with as large 
dimensions as possible. To readjust the welding flame 
under practical conditions it is best to increase the supply 
of acetylene until two cones appear, then decrease it until 
only one is visible. 

The various flames have characteristic sounds which 
the welder should note. The sound of the neutral flame 
is sharper than that of the carbonizing flame but not as 
shrill as the oxidizing flame. In the Bureau of Stand- 
ard’s tests of torches already referred to, it was found 
that most torches would not maintain constantly a neutral 
flame under practical welding conditions and that most 
operators, due to the personal equation, have a tendency 
to adjust the flame oxidizing. 

Oxide Film Must Be Removed 

All aluminum is coated with a thin film of aluminum 
oxide which prevents the easy coalescing of the two sur- 
faces of molten metal. The production of a sound weld 
in aluminum necessitates the removal of this oxide film. 
This obstructing film can be broken up mechanically by 
manipulation of the welding wire. In breaking up the 
oxide film by this process, which is known as “puddling,” 
the welder, as he proceeds, stirs continuously the molten 
bath with the welding stick or an iron wire. In this way 
he breaks up the oxide film and allows the metal to 
coalesce, and at the same time he scrapes the oxide to 
the surface. This method is not a satisfactory one because 
it is difficult to completely remove the oxide from the 
bath by puddling and there is considerable risk of oxide 
inclusions in the solidified metal making an unsound weld. 
It would be too strong to state that it is impossible to 
obtain a satisfactory weld by this method, but the quality 
of the weld depends so greatly upon the dexterity of the 
welder that it would be unsafe to rely upon the process 
for important work where the strength required is con- 
siderable. Apart from this, the method is slow, and 
therefore costly in gas and labor. 

The most effective method of removing the oxide is by 
the use of a flux which has the ability to dissolve the 
aluminum oxide So that coalescence may occur. A satis- 
factory flux for the welding of aluminum must have the 
following characteristics : 

(1) It must melt at a suitable temperature below the 
melting point of aluminum. 

(2) When molten, it must have the ability to dissolve 
aluminum oxide very quickly. 

(3) The dissolving capacity of the flux must be suffi- 
cient to take care of all of the oxide which might happen 
to be present. 

(4) The molten flux, with the oxide dissolved in it, 
must have a specific gravity less titan that of the molten 
aluminum and the difference must be sufficient so that the 
flux will quickly and readily come to the surface of the 
molten metal, thus removing the oxide from the weld. 

(5) The flux must be stable -under the temperatures 
employed. 

(6) It must not deteriorate with time, nor must it be 
too deliquescent. 

Fluxes filling the above requirements are prepared by 
a number of reputable manufacturers. The Aluminum 
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Company of America markets a flux for welding alu- 
minum and its alloys known as “#22 Welding Flux.” 

A satisfactory way to use the flux is to moisten it with 
water to the consistency of a thin paste. A very con- 
venient flux container is made from a piece of three inch 
pipe as shown in Figure 3. An aluminum, brass or glass 
flux container should be used. Iron is likely to cause 
contamination by chemical reaction with the flux. A day's 
supply of the flux and water solution should be made up 
each morning. If any of the solution is left in the con- 
tainer over night, it should be thoroughly broken up and 
stirred next morning, as it tends to lump and crystallize 
upon standing. The flux is made slightly hygroscopic to 
prevent it from drying out and blowing off the seam 
ahead of the welding torch. Due to this slightly hygro- 
scopic condition the dry flux, if left exposed to the at- 
mosphere, may deteriorate. The dry flux is quite stable 
if the container is kept closed. 

If a welding wire is used the wire is dipped into the 
flux solution, or if no fillet metal is used, the flux is 
applied to the joint by means of a small paint brush. In 
this manner, the flux is supplied to the weld where, when 
and in the quantities required. 

Choice of Welding Metal Important 

Of utmost importance is the selection of the proper 
welding metal. The use of a welding rod or feeding stick 
is necessary with all but the thinnest sheet. Commercially 
pure aluminum (2S) and aluminum-manganese alloy (3S) 
should be welded with a pure aluminum welding stick. 
For welding the strong aluminum alloys (17S, 25S and 
51 S) a five per cent, silicon welding stick is recom- 
mended. However, a welding stick of the same composi- 
tion as the alloy to be welded will give perfectly satis- 
factory results if proper allowance may be and is made 
for expansion and contraction. The silicon welding alloy 
has a relatively slight solidification contraction and on 
account of its having a lower melting point than the base 
metal, it remains molten longer and fills in the voids 
caused by the solidification contraction of the base metal 
in the same way that a gate fills in the voids of a casting. 
This means that the stresses due to contraction which 
might otherwise cause incipient cracking in the base metal 
shift their effects to the metal supplied in welding. This 
metal which is noteworthy for its freedom from hot short- 
ness, which probably means ductility at temperatures just 
under the melting point, as well as strength at these tem- 
peratures, will stand the stresses without the development 
of cracks. There is necessity for caution in one respect 
when using a five per cent, silicon alloy welding stick. If 
the welded articles are to be subjected to a high tempera- 
ture or "solution” heat treatment after welding, it will be 
necessary to recognize the fact that this amount of silicon 
lowers the safe temperature to which some of the strong 


alloys may be heat treated. Whether the original material 
is 51S, 25S, 17S or aluminum-copper alloy, it will be safe 
to use heat treating temperatures up to about 940 deg. F. 
even when the five per cent, silicon alloy is used for 
welding. 

The sizes of welding wire recommended for aluminum 
and aluminum alloys are given in Table II. 


Table II 



Light aluminum sheet (0.050 and lighter) is usually 
flanged in preparation for welding as in Fig. 4. The 
flange should be about the same height as the thickness 
of the sheet or just a little higher. The joint is made 
by holding the two upstanding edges together and melting ' 
these down. For such work as this no welding wire is 
required. Beveling is unnecessary for light sheet. 

Heavier sheet can be beveled as is usual with steel 
plate. However, it is easier to obtain full penetration 
by notching the sheet as shown in Figures 5 and 6. The 
edges of the sheet are cut through the entire thickness, 
the notches being about as deep as the thickness of the 
material, and about one-fourth inch apart. In welding, 
the edges are butted close together. By preparing the 
edges in this manner, the flux works down for the full 
thickness of the material, and considerable welding rod 
is saved. There is less chance of “burning through” and 
the notches act also as little expansion joints, minimizing 
local distortion. 

Particular care is needed when preparing the broken 
edges of an aluminum casting for welding, since these are 
occasionally porous and may contain absorbed oils, which, 
if not removed, will cause blow-holes in the weld. A good 
plan is to heat the edges before beginning to weld, when 
the absorbed grease will be sweated out and can be wiped 
off. Perhaps the best cleaning mediums are a wire scratch 
brush and some gasoline. Not only the edges to be 
welded, but also the adjacent surfaces above and below 
should be cleaned with .the scratch brush and washed in 
gasoline. 

Aluminum sheet 34 in. thick and thicker should be 
preheated. Preheating will limit the consumption of 
oxygen and acetylene to that required for the actual melt- 
ing of the seam. Furthermore, preheating will tend to 
prevent distortion. If the base metal for some distance 
on either side of the seam is' maintained at a temperature 



F '0- 4 Fig. 5 Fig. 6 

Fig. 4 — Light sheet flanged the thickness of sheet. Fig. 5 — Sheet with one edge notched and the other 
beveled at 45 deg. Fig. 6 — Plate with edges notched. 
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tensile strength of the plate cross section instead of shear . 
strength. 

The distance between rivets along a line which makes an 
acute angle with the line of load application may be com- 
puted by combining the shear and tensile strength calcu- 
lations. 

The calculated permissible rivet spacing is often less 
than that which is practical from other considerations. 
There must always be room to head the rivets properly 
and this fact suggests a standard minimum spacing, for 
the smaller sizes, of three times the rivet diameter. 

An interesting example of riveted joint failure is shown 
in the photograph of Fig. 6. These specimens were frac- 
tured by applying a tensile load at the ends. They were 
made primarily to discover the difference, if any, in tensile 
strength of aluminum alloy sheet when pulled parallel to 



Fig. 6 — The fractured speciments after an experiment in 
riveted joint failure. Tensile loads were applied to the 
ends of the samples. 

the grain and at right angles to the grain. Although no 
appreciable difference in ultimate strength was found, a 
very interesting variation in type of fracture was noted. 
An examination of the photograph will disclose that the 
same joint failed : 

1. Through the first screw and first rivet holes ; 

2. Through the first and second screws and the first 
rivet holes ; and 

3. Through the first screw and first and second rivet 

holes. . 

These variations did not seem to depend upon the grain di- 
rection, caused by the direction of rolling the sheet, and 
the failure occurred at approximately the same loading 
per sq. in. in all cases. 

Another point that occurs to mind is particularly appli- 
cable to joints which are formed with iron rivets and alum- 
inum alloy plates. Rivet heading, especially when accom- 
plished by slow squeezing, tends to expand the body of 
the rivet. The force thus generated is quite large and 
will actually split the sheet in which the rivet is inserted 
if that sheet is too weak. Experience is the only possible 
teacher in this case as the expanding force is impossible 
to calculate. Before any large amount of money is in- 
vested in a fitting which might be ruined by this phenom- 
ena it would be best to make a simple test to determine the 
minimum thickness and spacing permissible under the 
particular circumstances. This peculiarity also has a de- 
termining effect sometimes upon the allowable distance 
from a rivet to the edge of the plate. 

Parts are occasionally joined by brazing but this_ is 
mostly unsatisfactory. A good brazed joint, when acting 
in shear, will develop considerable static strength (about 
10000 lb. per sq. in. of braze). Such a joint is difficult 
to obtain, however, and there is no way of inspecting the 


finished joint so as to determine the effectiveness of the 
brazing. In addition it does not appear to have any appre- 
ciable tensile strength and there is some doubt about the 
effects of repeated loads so that this type of construction 
is generally frowned upon. 

Solder is frequently used to seal joints against corro- 
sion but is of no use from the standpoint of strength. A 
soldered joint in shear will carry an appreciable static load 
because its failure usually lags behind the rate of appli- 
cation of load. Under repeated loads, however, it rapidly 
breaks down completely and fails at very small repeated 

Castings are very useful as fittings, particularly those 
cast from aluminum alloy and heat-treated. This material 
casts very well and has a high ratio of strength to weight. 
Such material must be handled rather carefully to insure 
reliable results. In the first place there is always the fact 
that castings are not accurately made. Shrinkage and the 
shifting of cores makes accuracy almost impossible. There 
is also the ever-present danger of blowholes even in excel- 
lent casting material. Another danger occurs when the 
piece incorporates two or more parts of widely different 
thicknesses. The illustration in Fig. 7 will clarify this 
idea. The difference in rate of cooling and shrinkage be- 
tween the thick base A and the thin piece B strains and 
weakens joint C to a material extent. The fundamentals 
of aluminum alloy cast fittings are somewhat as follows: 

Provide a minimum thickness of 3/ 16-in. at any point to 
allow for casting inaccuracies, reduce the opportunities for 
hidden blowholes to a minimum, and avoid joining two 
sections of widely different thicknesses. 

Another common rule which is strictly followed in any 
type of casting and is consequently well known, is the pro- 
vision of ample fillets at all corners. 

Cast bronze, especially manganese bronze, would seem 
to be particularly well fitted to certain types of construc- 
tion because of its non-corrodibility and non-magnetic 
properties. It can be made to develop a tensile strength 
as high as 65000 lb. per sq. in., which somewhat compen- 
sates the fact that it is slightly heavier than steel. It can- 
not be used in conjunction with aluminum alloy, however, 
because it hastens the corrosion of the aluminum alloy to 
a very marked degree. 

Forged fittings will undoubtedly be more widely used 
as soon as production becomes large enough to bring their 
cost within reason. Cost seems to be the only detrimental 


Fig. 7 — Illustration of a casting iticorporating two or more 
parts of widely different thickness. 

factor here because aluminum alloy, some bronzes, and 
some alloy steels will produce tough and dependable forg- 
ings which are much neater in appearance than the present 
usual type. 

Chrome-nickel and chrome-vanadium steel forgings are 
being widely used for important parts of aircraft engines 
and their introduction into airplane structure will un- 
doubtedly be only a matter of time. 

The entire subject of materials and methods of con- 
struction for aircraft is one which merits a great dral 
of study. We have only commenced to experiment with 
a few of the numberless possibilities. A discussion of 
these possibilities is without the scope of this article but 
the few points noted above will serve to assist the designer 
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Hat and at a uniform temperature before heat is applied, 
the buckle will rise toward the flame. The sheet will not 
buckle downward away from the flame and this is due to 
the fact that the surface nearest the flame is the hottest. 
A temperature gradient is set up through the thickness 
of the sheet and since the top surface must expand more 
than the bottom, due to this gradient, the sheet will 
buckle upward toward the flame. This is a very important 
detail in connection with welding sheet because some of 
the major troubles and difficulties with which a welder 
is concerned are due to warping and buckling of the 
sheets. The above are the underlying principles govern- 
ing buckling and warping. 

After completion of the weld all the heat which has 
been put into the work must be dissipated. When the 
metal cools the processer, described above will be reversed ; 
in other words, where there has been expansion there 
will now be contraction and the net volume changes and 
forces involved will theoretically be equal in amount, 
though opposite in direction. Care must therefore be 
exercised in practice that the net result will be zero. If 
the dimensions cannot come back to what they were orig- 
inally the work will be buckled and the weld will be 
severely strained. The weld is made while the metal is 
at an elevated temperature and after expansion has taken 
place, consequently on cooling down to normal tempera- 
ture the weld resists the metal’s returning to its exact 
original volume. This is a natural phenomenon and can- 
not be altered, but the distortion or buckling caused by 
expansion and contraction can be minimized, localized 
and to some extent controlled. In welding a fitting to a 
flat panel it is customary to put an emboss in the panel 
that is a little larger than the fitting to be welded. This 
has a tendency to localize the buckling in the area of the 
emboss and minimize the buckling in the panel itself. 

In welding, the difficulties due to contraction during 
cooling are increased, since the heating is intensely local- 
ized. Therefore the repair of an aluminum casting, in 
which the danger of cracking is great, due to the hot- 
shortness of the metal, is not to be undertaken without 
a reasonable degree of knowledge and a large degree of 
common sense. Many an expensive casting has been 
ruined by attempts at repair by self-confident but un- 
informed amateurs, whereas a specialist in the process 
can rebuild a crank case equal in appearance and Strength 
to a new casting from a mass of broken parts seemingly 
ready for the scrap heap. 

Working Speed Greater Than With Steel 

In the welding of aluminum one of the main points 
in which the process differs from that of steel is in speed 
of working. The speed is very much greater than with 
steel, and the movement along the seam becomes more 
rapid as the metal becomes heated. 

The welding rod is held loosely in the fingers of the 
left hand, and it is kept in a direct line with the weld. 
The torch flame is directed centrally so that it melts 
simultaneously both the edges of the sheet to be welded 
and also the end of the welding rod. Both sides of the 
weld must be heated equally so that the edges will melt 
at the same instant, otherwise a bulky and uneven weld 
will result. It is also important when starting that the 
two edges should commence to melt before any filling 
material is melted. The welder quickly learns to judge 
the correct instant to commence running up the seam. 
If the torch is kept at an angle of about 30 deg. to the 
surface of the sheet (Fig. 9) it will prevent too rapid 
melting of the metal in a restricted area, and thus avoid 
melting holes through the sheet. By holding the torch 
at this angle the outer cone of the flame will envelope 


the metal well ahead of the point of welding, and so will 
make welding progress more rapidly. Care must be 
taken that the weld penetrate the full thickness of the 
sheet. However, the torch must not be stopped in any 
one position for a sufficient length of time to melt holes 
through the sheet, neither should the inner cone of the 
flame be allowed to come into contact with the metal. 
The operator should watch the metal carefully for signs 
of melting, and fuse the weld metal thoroughly with the 
molten metal from the sheet. It is not possible to de- 
termine the melting point by the color because aluminum 
does not change color through the entire heat range used 
in welding. That is, it does not become red hot, but 
maintains its characteristic silvery white color even in 
the fluid state. 

Progressive Tack Welding Necessary 

The assembly of parts before welding is gone about as 
in welding steel sheet of the same thickness. Long seams 
should be tack welded progressively from end to end at 
intervals of three or four inches in order to prevent the 
edges slipping by each other. Intermittent tack welding 
produces an unsightly weld and is likely to cause cracks. 
After tacking, the flame of the torch is played upon both 
edges of the pieces simultaneously, causing them to melt, 
and, the oxide being removed by the flux, the molten 
edges flow together and coalesce. Only a very small part 
of the metal is melted at any one time, so that the molten 
metal is prevented by surface tension from dropping 
away. The welder progresses rapidly along the seam, the 
edges melting under the torch and solidifying almost 
immediately as the torch passes on. In welding long 
seams, if pronounced buckling starts by the metal shrink- 
ing in or out. it should be straightened by hammering 
before proceeding further with the welding. When a 
welding rod is used, the tip of the rod should be held in 
the flame near the metal. Metal from the welding rod 
is flowed into the weld by the flame as the heat in the 
puddle alone is not sufficient to melt the rod. The 
welder should make sure that the added metal fuses 
thoroughly with the base metal. The weld should be built 
up 1/16 to Yt, in. above the surface of the base jnetal. 
The weld should be completed as rapidly as is consistent 
with good workmanship, using a flame of minimum size. 

When the joint is completed every portion of the seam 
will have been melted and solidified again, hence the 
metal in the weld is in the cast state. 

In the case of hard rolled pure aluminum sheet the 
zones on either side of the weld usually constitute the 
weakest part, for the thickness at the weld itself can be 
increased by the addition of welding rod, and the weak- 
ness of the cast structure at the weld counteracted by 
this means. The annealed zones on either side of the 
weld remain, however, so that whatever the original 
temper of the metal the final strength will be about 
14,000 lb. per sq. in. 

Simple alloys are readily welded in the same manner 
as commercially pure aluminum sheet, and the same sort 
of conditions apply. Thus, hard rolled sheets, after 
welding, will exhibit the three zones. 

(1) Cast metal at the weld. 

(2) Softened regions on either side. 

(3) The remote parts of the metal which have not 
been affected by the heat of welding. 

With heat treated alloys such as 17S,_ 25S and 51 S it 
might be expected that if the whole object is submitted 
to heat treatment after welding the original strength 
could be regained. However, these alloys in the cast 
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condition are much less susceptible to heat treatment 
than the wrought metal. Therefore, while the partially 
annealed zones on either side of the weld would respond 
to heat treatment, the cast metal in the weld would be 
much less affected. 

In the case of heat treated alloys, the area on either 
side of the weld is not completely annealed. A series of 
Brinell impressions was made on welded specimens of 



0.064 in. heat treated 51S sheet to determine to what 
extent the heat of welding affected the temper of the 
sheet. The results of this survey are shown graphically 
in curves No. 1 and No. 2. Curve No. 1, which represents 
the condition found to exist in heat treated 51S sheet as 
welded, shows that at a point J4 in. from the weld the 
sheet is in the heat treated condition. At a point one 
inch from the weld, which was found to be the softest 
area, a very slight annealing has taken place. The Brinell 
number for fully annealed 51S sheet is about 28, while 
the Brinell number at this soft area is 50. The Brinell 
number for heat treated 51 S sheet is about 63. For the 
heat treated and artificially aged material the Brinell 
number is about 95. As we move farther away from 
the weld, the Brinell numbers show an increase in hard- 
ness until a maximum is reached at a point three inches 
from the weld. This point represents an area in which 
a slight artificial ageing has occurred. Beyond this area 
there is a slight decrease in hardness until a point four 
inches from the weld is reached. Beyond this point the 
temper- of the sheet has not been affected by the heat of 
welding. ... . . 

Curve No. 2 represents the condition found to exist in 
a specimen of heat treated 51S sheet that was artificially 
aged after welding. In the partially annealed area one 
inch from the weld aging has not had much effect. How- 
ever, at a point two inches from the weld, the sheet has 
been fully aged. 

Duralumin is extremely hot-short and care must be 
taken to avoid contraction strains when welding this 
alloy. Such strains may be minimized by preheating or 
when this is not feasible, by observing such a sequence 
in assembling the article to be welded that the metal 
adjacent to the weld will be free to contract without 
setting up undue strains on the weld. Perhaps one of 
the best means of preventing cracking from contraction 
strains is to use a 5 per cent, silicon welding rod. As 
previously stated, this alloy has a lower melting point 
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than duralumin, hence remains molten after the base 
metal has solidified. This permits the weld metal to fill 
in the voids caused by the solidification contraction of the 
base metal. Furthermore, the stresses due to contraction 
shift their effects from the base metal to the weld metal, 
which being free from hot shortness, will stand the' 
stresses without the development of cracks. 

When a broken aluminum casting is to be welded, it 
should first be cleaned carefully, removing every trace of 
oil, grease and dirt by means of a wire brush and gaso- 
line. Unless the casting has a very heavy cross section, 
it is not necessary to tool the crack or cut out a vee. If 
the casting has a piece broken out of it, the piece or 
pieces should be held in correct position by light iron 
bars and appropriate damps, the clamps being so at- 
tached as to avoid straining any portion of the casting, 
especially the thin walls (when near the melting point the 
metal is very weak and will crumble under slight strains). 
The casting, particularly if a large one, should be pre- 
heated. Many expert welders are able to do splendid 
work without preheating, but this ability results from 
long experience. If the casting to be welded is small, 
or if the weld is near the edge and in a thin walled section, 
the torch flame may be played over the pieces so as to 
preheat them before starting to weld. The cold aluminum 
should be heated slowly. A quick heat will crack the 
metal near the flame. 

To consider again the broken crank case already men- 
tioned, as soon as the casting is properly preheated, it is 
tack welded at points A and B (Fig. 8). Then starting 
at the middle of the break weld toward the ends. Weld- 
ing rod is added by holding the tip of the rod in the 
flame near the metal. Contrary to welding practice on 
steel or cast iron, the weld metal must be flowed into 
the weld by the flame, because the heat in the puddled 
metal will not melt aluminum. When a few drops are 
melted off the welding rod, it is worked around and into 
place with a rubbing motion of the rod. Care must be 
taken to get the new liquid metal to the bottom of the 



Fig. 10 — Welded aluminum fuel lank for Curtiss plane. 
A — Rivet heads. B — Side scam. C — Welded corner 

seam. D — Position lugs. E — Connections. 

crack, all the time playing the torch about freely, but 
always with the tip about two inches from the metal. 

When the weld is finished the casting is annealed by 
adding four or five handfulls of charcoal and covering 
the furnace top with asbestos paper. The fire is allowed 
to burn out slowly and the casting cooled in the furnace. 

A charcoal furnace is not necessary when filling holes 
in castings. The area is preheated locally by playing the 
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torch about the hole. The hole should be shaped up so 
as to remove all pockets and to permit proper manipulation 
of the torch. In filling blowholes the cavity should be 
thoroughly cleaned so that only clean metal is exposed. 
The preparation of a tooth for filling by a dentist is an 
analogous operation. 

For filling holes and welding castings, it is usually pref- 
erable to use a weld metal of the same composition as 
the casting. However, in the case of complicated castings 
where severe contraction strains are liable to ensue, 5 
per cent, silicon welding rod would be more desirable. 

Flux Should Be Used for Castings 

A flux should be used when welding aluminum castings 
just the same as for sheet aluminum, however, there is 
no objection to puddling also. Puddling will merely break 
up the oxide film and leave it incorporated in the weld 
metal, thus weakening the weld. The flux will float the 
oxide particles to the surface and leave a clean sound weld. 

As soon as the weld is finished and the work has had 
time to cool it should be thoroughly washed to remove 
all traces of flux. If the flux is permitted to remain on 
the weld it will cause corrosion. Therefore it is very 
important to be sure that every trace of flux is removed, 
particularly if the completed job is to be painted. Merely 
cleaning by means of hot water and a scrubbing brush 
is not sufficient or thorough enough to remove the flux 
that may be in crevices or cracks which are not readily 
attacked by a brushing operation. A more effective 
method of removing the flux is by means of a steam jet, 
the steam jet impinging upon the welded joint. When a 
final sand blasting operation is used, the steam jet should 
be used both before and after sand blasting. A still more 
efficacious scheme for removing the flux is to wash in 
a hot two per cent, nitric acid solution or a warm ten 
per cent, sulphuric acid solution. In general, the flux 
removal may be very efficiently performed by first thor- 
oughly soaking the welded article in a “first wash” tank 
of hot water for about three minutes, during which 
soaking period the welded joint should be thoroughly 
scrubbed with a brush to insure the removal of the bulk 
of the flux. The article is then dipped in the acid tank 
for from three to five minutes, after which it is again 
dipped in the first wash tank and then thoroughly rinsed 


in a “final rinse” tank of hot water. The washed 
articles, if small, may be dried in sawdust. 

Welds in aluminum are quite often untouched after 
completion, especially in the case of thin sheet metal, 
where the weld should be so even that it is not unsightly. 
When desirable the weld can be made completely invisible 
by grinding off the excess metal and polishing the whole. 

Welded aluminum joints have not been looked upon 
with much favor by the designers and builders of aircraft. 
However, such joints are being used to some extent, 
particularly in gasoline tanks. Figures 10 and 11 are 
two different views of a gasoline tank built for the Curtiss 
company. These tanks, which have a capacity of 113 
gals., are built of light gauge sheet aluminum. The baffle 
plates, shown in Fig. 13, are held in place by rivets, the 
rivet heads being welded to the outside of the tank where 
they come through to prevent leaks. All seams and all 
connections in the shell of the tanks are torch welded. 
Fig. 12 is a wing tank built for the Curtiss Robertson 
company. These tanks, which have a capacity of 26 
gals., are also built of light gauge sheet aluminum. The 
large tanks are tested to 5.8 lb. per sq. in. and the small 
tanks arc tested to 3.5 lb. per sq. in. 

After welding the tanks are washed in warm water to 
remove the greater portion of the flux. They are then 
submerged for one hour in a warm ten per cent, sulphuric 
acid solution to dissolve and remove all traces of the 
flux, after which the tanks are washed for one hour in 
running water. The tanks are then tested by connecting 
a hose and completely submerging the tank in water, 
forcing in air and looking for leaks, which would be 
indicated by bubbles of air rising to the surface of the 
water. A mercury column is used for indicating the 
pressure as a pressure gauge is not sufficiently accurate. 

Aluminum Welding Not Difficult 

The factors which have been discussed are the ones 
which, if not properly controlled or handled, offer the 
greatest potential difficulties in welding aluminum. How- 
ever, the welding of aluminum, and excellent welding too, 
is not a really difficult process. Welding is a metallurgical 
process and is, consequently, governed largely by natural 
laws. Excellent consistent results will be obtained if the 
principles involved are understood and employed correctly. 



Fig. 11. 


Fig. 12. 


Fig. 13. 


Fig. 11 — Side view of a welded aluminum gasoline tank for the Curtiss company. Fig. 12 — A welded aluminum 
wing tank for the Curtiss Robertson company. Fig. 13 — Arrangement of baffle plates in tank. 
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PAT ENTS ISSUED 


Patent No. 1,700,948 — Internal-Combustion Engine, 
John Scott Oliver, London, England. One Claim. An 
internal combustion engine having a piston and a cyl- 
inder, a rotary sleeve valve, two sets of inlet and exhaust 
ports in the cylinder ports in said sleeve valve for reg- 
istering alternately with the inlet and exhaust ports of 
each set, the first set of ports extending from a point at or 
near the head of the cylinder to a point intermediate in 
the stroke of the piston and being arranged to be opened 
and closed at the correct times by the movement of the 
sleeve alone while the second set of ports subtend the a 
wider angle than said first set of ports and extend from 
a point intermediate in the stroke of the piston to a point 
at or near the bottom of the stroke of the piston and 
are arranged to be opened and closed at the correct times 
by the movement of the piston in conjunction with the 
movement of the sleeve. 


Patent No. 1,701,274 — Control of Internal-Combustion 
Engines. William Floyd Rebbidge, Diversion, England, 
assignor to Pickers Limited, Westminister, London, Eng- 
land. 11 Claims. In means for controlling variable speed 
internal combustion engines, an adjustable speed governor, 
a governor setting device, a fuel injection mechanism com- 
prising a fuel pump, an injection valve, engine operated 
mechanism for actuating the said valve, means for operat- 
ing part of the said mechanism under governor control to 
vary the duration of opening of said valve, a servo-motor 
having a controlling valve adjusted by the governor set- 
ting device, and a piston rod connected to the said gov- 
ernor controlled operating means so arranged as to vary 
the extent of the governor operated movement recording 
to the adjustment of the governor setting device. 

Patent No. 1,701 ,298-/1 ero plane. . John Dill, New 
York. 25 Claims. A flying machine embodying a fusel- 
age or nacelle, port and starboard wings mounted for 
pivotal movement on pivots supported from the fuselage, 
incidence adjusting struts secured to the wings, and com- 
plementary threaded members operatively connected to 
the struts and to the fuselage and adapted when oper- 
ated, to move the struts longitudinally to vary the inci- 
dence of the wings, in combnation with a propeller cable 
of adjustment to vary the pitch thereof, mechanism for 
adjusting the propeller, and unitary means operatively 
connected to both the propeller adjusting mechanism and 
to the threaded members and adapted when operated to 
simultaneously adjust the propellers and vary the mci- 


Patcnt No. 1,701,089— Control of Fuel-Injection Me- 
chanism for Interval Combustion Engines. Edward von 
Sails Winterthur, Switzerland, assignor to the Finn Sul- 
zer Frercs Sociere Anon yme, Winterthur, Switzerland. 
Three Claims. A liquid fuel injection system comprising 
an injection valve, a source of liquid fuel under pressure, 
means for supplying liquid fuel from said source to one 
end of said valve to maintain it in normally closed position, 
means for supplying liquid fuel from said source to the 
other end of said valve and trapping it therein, and means 
for reducing at a predetermined instant the pressure of 
said source, whereby the pressure of the liquid fuel 
trapped in said last named end overbalances the pressure 
of the liquid fuel supplied to said first named end and 
causes the opening of said valve. 


Patent No. 1,701,204 — Aircraft Communication Ap- 
paratus. Louis 0. Glataner, Hasbrouck Heights, N. J. 
11 Claims. 

Patent No. 1,701,451 — Airplane. Randolph F. Hall and 
Charles Ainsley Phillips, Ithaca, N. Y., assignors, by direct 
and means assignments, of three-fourths to said Randolph 
F. Hall and one-fourtli to Theodore P. Hall, Wallingford, 
Conn. Nine Claims. In a tapered aircraft element, a 
metal skin or covering therefor formed with a series of 
corrugations disposed longitudinally of the element and 
constant in number, and formed smooth between said 
series of corrugations to compensate for the element taper. 

Patent No. 1,699,699 — Aeroplane Propeller. Frank W. 
Jatunn, Troy, Mont. Five Claims. In a propeller struc- 
ture of the class described, a frame comprising a pair of 
side rails, a pair of bars, one slidable on each rail, a plural- 
ity of rungs between the rails, a plurality of rungs be- 
tween the bars, flexible strips fixed to the rungs of the 
rails and to' adjacent rungs of the bars, and means for 
sliding the bars in relation to the rails to spread and col- 
lapse the flexible strips. 

Patent No. 1,700,226 — Unattended Beacon. Frank R. 
House, Baldwin Harber, N. Y assignor to The Sperry 
Gyroscope Company, Brooklyn, N. Y. 12 Claims. 

Patent No. 1,701,466 — Airship. Benjamin Schnitzer, 
Akron, 0., assignor to Goodyear-Zeppelin Corp., Akron, 
O. Six Claims. The combination with an airship compris- 
ing a hull portion having an inflatable gas cell therein and 
a gas bag disposed within the hull portion, cooperating 
with the gas cell to occupy the space within the hull por- 
tion, of a lifting gas for inflating the gas cell, and a com- 
bustible gas heavier than the lifting gas for inflating the 
gas bag. 

Patent No. 1,701,648 — Rotary Internal-Combustion 
Engine. Ira F. Wildey, Chicago, III,, assignor of forty- 
five one-hundreddths to James M. Ross, Chicago, III. 
Four Claims. In an internal combustion engine, cylinders 
arranged with their axis forming axis of the circumfer- 
ence of a circle, a rotatable mounting therefor, pistons in 
said cylinders, a rotatable mounting therefore, separate 
multiple lobe cam gears connected to said mountings, and 
relatively fixed eccentic pionions meshing with said cam 
gears and adapted to cause oscillating relative movement 
between said cylinders and pistons. 

Patent No. 1,701,407 — Aircraft. Rogelio Garcia, New 
York, N. Y. Five Claims. A landing gear for air- 
craft of the character described including supporting 
wheels and vertical standards in which the wheels are 
journaled at the lower end, said standards having wedge 
shaped portions and yieldable wedge shaped means co- 
acting with said wedge shaped portions. 

Patent No. 1,701,762 — Helicopter-Control Mechanism. 
Harold F. Pitcairn, Bryn Athyn, Pa. Eleven Claims. In 
an aircraft, the combination of a universally mounted 
rotatable propeller and means adapted to ultilize the gyro- 
scopic force set up by its rotation to control its angular 
position with relating to the aircraft. 
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General Chang Mazes air trail 
across China .... with socony 


When flying in the Southwest, use 
the products of Magnolia Petroleum 
Company, and on the Pacific Coast 
standardize on the products of Gen- 
eral Petroleum Corporation. These 
are two important subsidiaries of 
Standard Oil Company of New York. 


T HE "Spirit of Canton.” piloted by General 
Chang, recently completed the first flight 
across China. 

Socony contributed to this triumph, for Socony 
Aviation Gasoline was used in the 1,000 mile 
flight from Canton to Moukden and return. 

In New York and New England, too, Socony 
Aviation Gasoline leads in popularity. Aviators, 
like thousands of motorists, have discovered for 
themselves the depend- 
ability and availability 
of Socony products. 

AVIATION GASOLINE 
AIRCRAFT OIL 



STANDARD 


OIL COMPANY 


OF NEW YORK 




Wright 

WHIRLWIND' 
9-Cylinder, 
SOO H. P. 


wider range 
of WHIRLWINDS 
to spread a wider 
confidence! 

More than ever Wright Whirlwind 
Engines offer to forward-looking 
plane manufacturers increasingly 
greater possibilities for larger sales 
and sounder satisfaction. 

In offering the famous Wright 
Whirlwind Engine in three power 
sizes, 150 H.P., 225 H.P. and 300 
H.P., with 94% component part in- 
terchangeability. the advantages se- 
cured to plane builders are obvious. 
Smaller inventory and shorter repair 
and overhaul periods in servicing 
become the "edge” upon which 
sales are consummated. 

To those air-line operators who 
are alive to the possibilities that lie 
in the increased confidence, quicker 
public acceptance, faster turnover of 
revenue, shorter overhaul periods, 
and consequently greater profits, 
Wright Whirlwind powered trans- 
port planes maintain a leadership in 
. steady, reliable performance. 

Behind Wright Whirlwind En- 
gines stands a nation-wide Service 
Organization reaching into every 
aviation center. 


Daily — Hourly the 
World Increasingly 
Responds to the Call 
of the Swift Avenues 
of the Air — with 
Confidence in Safety ! 


The public knows and trusts 
Wright Engines s' 


More power 
to the wings 
of the world 


WRIGHT 


The first 


i flying 


WRIGHT AERONAUTICAL CORPORATION, Paterson, New Jersey, U.S. 

Canadian Wright Limited, Sole Licensees for Canada, Montreal 


! Air Associates, Inc., Curtiss Field, Long Island, N. Y. 


AUTHORIZED PARTS DEALERS 
Pacific Aeromotive Corp., Los Angeles, Cal. 


Stout Air Services, Inc., Dearborn, Mich. 1 


